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tats wl,ch a^rdmg to Hilgard,! indicate a lack of conssqnence 

o .mprfect dmmage. Tk, indigo toil, ».,i|y ,„n together on the surface 
after modcteteram forming . well-deSned crust, known to the cultivate, to 
the ,„j,„ After iong continued heoty rain, this cmst may become sevend 
nn thmk, the porosity of which is not recovered until the land dries and 
IS cu iva et . n excessive rainfall besides producing these impermeable 
crusts .I«, leads to the waterlogging of the pore apaeea of the upper tal 
miiods defiocculation of the clay particles) tor comparatively long 

EimSdl. The average annual rainfall is in the neighbourhood of 80 
inches, most of which falls during the period May to September (Table 1). 


» Hilgard, “ Soils,” 1906 , p. 46 . 

2 Agr. Jour, of India, Special Indian Science Congress Number, 1919, p. 381. 
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July and A«f»ust arc the wettest months, From November to April very 
little raiti is reei.-ived. The humidity is generaUy high and is lowest in March 
and A]tri! when ir falls to about 60. 

There is a well-marked cold season, December to Feb- 
ruary, when the minimum temperature remains in the neighbourhood of 50“F. 
Ill the hot weather months, March, April and May, the dr}'^ west /winds are 
important agents in improving the aeration of the soil. The monsoon period 
Jum- to Septemher k hot and damp. After the middle of October, the tem- 
perature gradually falls till cold weather conditions set in at the end of 
November. 

Sail aemtimi. Periodical determinations of the amount of carbon dioxide 
in the soil atmo.sphere have been carried out in the Botanical area at Pusa by 
Jlr. Jatindra Nath Mukherjee under the direction of Dr, Harrison, Imperial 
Agricultural Chemist, on cultivated «id gi-ass land for a period of eleven 
months. The re.sults are given in Table II and in Plate I. A note by Mr. 
Muklierjee on tlic methods adopted is appended to this paper. 

Table II. 


Peirenlage of in the soil gas from three different plots in the Botanical Area, 

Pma, in 1919. 


Date and month when the] 
soi! gas was aspirated 
and analyset^ 

Plot No. 1 
Grassed down 

Hot No. 2 

i Grassed dowm 
’ but partially 
aerated by 
trenches 

Plot No. 3 
Surface 
cultivated 

Bainfall in 
inches since 
1st January, 
1919 

13t.h, ,14th and nth'Janu- 
' ary . . ■ . . . 

0*444 

' 

0*312 

0-269 


20th and 21st February , . 

0*472 

0*320 

0*253 

i-30^ 

21 St and 22nd March 

0*427 

I 0*223 , 1 

0-197 

1*33^ 

23rcl and 24th April 

0*454 

I ■ ■ 0*262 ! 

0-203 

2-69^ 

16th and 17th May,' , . 

0-271 

'■■0*257 .. ! 

0*133 

3-20/ 

l /th and .I8th June i 

; 0*341 

;■'■ 0*274 ' i 

0-249 

4*53^ 

17th and 18th July 

1*540 

1*090 i 

0*304 

14-61"' 

25th and 26th August 

1-590 , 

0-836 i 

0-401 

23*29"' 

Hhh and 2(hh September , . 

1-908 

0*931 

.■ 0'-450"' 

30-67"' 

2 1 st and 22nd October 

1*297 f 

0*602 

'0-365 ' . 

32*90"' 

14th and 15th November * . | 

0*853 f 

■' 0*456 . . j 

0-261, ■,„■ 

32*90"' 


These figures and the curves (Plate I), give a general idea of the soil 
atmosphere as regards ventilation in a year exceedingly favourable to the 
indigo crop. Aeration is at its best during the period of the west winds — 
March to May. After the monsoon has set in, the proportion of carbon dioxide 
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'.rises and. remains at' a fairly higli level ' till October wlieii it nipiflly biHg.* 
Of ,p6,rhaps greater ;,sign.ificance^ in ■ this respect are the irifiVf^iiientH nf ili^ 
ground, water.," .In the .indigo areas 'Of Bihar, the flow of the rivers is oftni 
checked, during the m.onsoo,n by the rise' of the level of the Chiiigcs. As a 
.result, the. rivers overflow and the lowlying areas go under widfo*. The r’lM* 
in the level of tie rivers is followed by a rise in the wiiterdevel of I he 
These movements of the river level and of the genend ground water are illus- 
trated ".in' the curves opposite' (Plate .11) which represent the stale of affairs 
of the river at Pusa and of one of the wells (about a quarter of a mile disiaiit 
from the river bank) for the years, 1910, 1912, 1913 and 19M. T)m upward 
movement of the ground water, which must push in front of it the soil air 
from the deeper layers, occurs at a period when the genend drainage *jf the 
country is checked and when the permeability of the surface seal is jMKir due 
to consolidation by heavy rain. We shoulit exjiect, therefore, that the afriuinii 

of the soil will be at its lowest point during the second half of the rainv 
season. 



Briefly stated these are the conditions under w’hich a tropi< 
plant has to grow in Bihar. The range is wide. The crop is so 
of the rams in late September or early October, when the surfa 
ciently wa^ and moist for rapid germination. By the beginn 
weather in December, the plant is three or four inches high, 
ceases till March. After the rains set in towards the end of M 
■ June, growth is exceedingly rapid and the fiist cut is taken at th 
.. or eariy in July. The stumps shoot again and the second cro 
I Ji^y early. August, followed, in good years, either by 

; ^tembeir or by a orop of seed during the cold weather. A 
. -^st^^ are dug dab and the land is prepared for other crops. 

* 1 in Bihaar was to raise the seed after at least two crops of 

^ I p^od in the life-Wfery of the plant when its vigour was at its h 






CHANGES IN THE RIVER AND WELL LEVELS AT PUSA. 

The well levels shown by dotted lines. The 
observations are expressed in feet above 
mean sea level. 
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normal mot regeneration* Several factors have been discovered wMcli prevent 
tlie repair of the root system. In indigo cnltivationy the' chief '.sonrce' of 
damage to the active roots and nodules arises' from the complete cutting hack 
of the plant J This results in the destruction of practically all the fine roots 
and nodules and root regeneration is necessary before new growth can take 
place. If the absorbing root system is destroyed when the soil aeration is 
poor^ when the amount of reserve material in the tap root is insufficient fox 
new roots to be formed, or when the soil temperature is too low for growth, 
f oot regeneration becomes exceedingly difficult and wilt follows. Thus although 
the cause of wilt is the same in all cases, the agents which produce it may be 
diliereiit. In considering the incidence of wilt in Bihar, it is necessary, there- 
fore, to understand fully in every case the factors which are concerned in root 
regeneration. If this is done, all the known cases of wilt fall together and 
are capable of a simple explanation. 

As the nodules and active root system appeared to be of particular impor- 
tance in this question, a great deal of attention has been paid thereto. The 
condition of the roots and nodules, however, cannot be determined with pre- 
cision by observation of the above ground portion of the crop. It was neces- 
sary to find some easy metlnxi of rapidly exposing without damage the com- 
plete root system including the finer branches and the nodules. This was 
accomplished by the use of an ordinary knapsack sprayer. The results 
obtained by following the root development tliroughout the year have proved 
of the very greatest value in the elucidation of this interesting problem. 


Root development in Java indigo. 

The development of the root system of the ordinary indigo crop, sown in 
late September or early October, has been examined for several seasons by 
means of periodical root washings. At first, the tap root extends rapidly 
in length and by the beginning of the cold weather practically no large laterals 
are developed. The root system at this stage consists of a long tap root with 
comparatively fine laterals and a certain amount of nodular development. 
During the cold 'weather, the extent of the active absorbing system is small 
and little or no growth of roots takes place. With the renewal of activity at 
the beginning of the hot weather in March, new absorbing roots are copiously 
developed and the laterals increase in thickness. Nodular development begins 

■' 1- A laiPge haiator of roofe ippashiEgi mad©, at all stages of growth, after indigo 

plants have Imea out baok back always MEs the fine 
roots and most -of fxten^v© root and nodular 

deatmction but not to eut back ^ , ’ 
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in April, but does, not become intense .till . the'--eoiI is cw)l«! and iTiciisteiiwl by 

the early monsoon rains in May when the numbers formed are ver^ large. 
As would be expected, these bodies are much more abundant in the lirst hmr 
inches of soil than in the deeper layers. No further changes occur till the 
first cut is taken. Cutting back is followed by the destruction (tf practically 
all the fine roots and of most of the nodules. Before new growth can taki* 
place, xoot regeneration is necessary. The extent and speed of this regenor- 
yion IS found to depend on the aeration of the soil. If the rainfall is htw and 
if the levels of the rivers and wells do not rise to any gr<?at extent, as in I ‘.tip. 
the fine roots and nodules are rapidly renewed. Thus in the case of the toot 
systems of three plants exposed on June I4th, 1919, 194 ncxlules were found 
on the upper laterals. These were removed and the soil quickly rejilaced. 
A month later, the roots of these plants were again exposed and numerous 
new fine roots and no less than 942 fresh nodules were foimd. The reaction 
of the roots to alterations in the soil atmosphere during the rains is vety 
striking. After the middle of July and at the beginning of September of the 
present year, 1919, when heavy rains, combined with the rise of the ground 
water, adversely affected the aeration of the soil, an immediate nmt resjsmse 
to the changed soil conditions took place.. The fine roots in the deeiwr layers 
of sod were quickly killed, new roots were only formed near the surface of i lie 
ground while the finer branches of the upper laterals were found to e.xliibit 
marked aerotropism and to bend upwards towards the air. This coiitimusl 
on both occasions tdl a break in the rains and a fail of the ground water reston-d 
sod aeration when normal root development again ensued. During the Int., 
rams, the formation of fine roots and nodules is almost always restricted to 
a. „p^ (OP, Me. of .oil. At thi. tim., the lower region.',,, the 

f “"■> 

of the or ^ “ajntamed entirely by ae fine roots near the surface 

f the ground. Thi. leeSective while monsoon conditions prevail but when 

T ■«» ’■em™ 

ooutiat' ^ ae,r leaves and pass into a resting condition during the 
tuiorise. in Math “ S'"**"” when the soil iempem- 

to.t^“Th°'/7 August, as feature of 

lute September and” oTX* 1^'*^ “fl*' 

• These, however, become absorbed during 
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November and December after flowering sets in. During the cold weather, the 
roots of seed plants show few active rootlets and extensive regeneration does 
not take place till the temperature of the soil rises in March. 

In both the ordinary and the seed crop, therefore, the features of the root 
system may be summed up as follows: — 

(1) The periods of intense nodular development are at the break of and 
during the early rains and, in the case of the seed crop, in September and 
October. 

(2) Temperature, soil aeration and moisture are the chief factors in the 
formation of absorbing roots and nodules. 

(3) Although the nodules and fine roots are easily destroyed, the main 
tap-root and the larger laterals possess remarkable vitality and are capable 
of remaining dormant in the soil without damage from December to March, 
after which they often produce a new set of absorbing roots and nodules. 

Observations and experiments on the cause of wilt. 

The evidence on which we have based our conclusions as to the cause of 
wilt has been obtained by several methods. The root systems of numerous 
healthy and wilted plants have been compared in detail, the occurrence of 
wilt in Bihar has been studied under various conditions extending over many 
years, actual cases of wilt have been produced artificially in no less than five 
different ways while many examples of recovery have been closely examined. 
The conclusions arrived at, as a result of these experiments and observations, 
have been confirmed by a study of the behaviour of other crops during the 
rains at Pusa and also by the growth of indigo, on soils differing widely as 
regards aeration, in other parts of India. 

The root systems of wilted and healthy plants. The roots of a very 
large number of wilted plants have been exposed by the spraying machine 
and compared with those of healthy plants. The results have always been the 
same. Where the wilted condition is well marked, healthy nodules are never 
found while the number of active roots is exceedingly small. Dead and dis- 
coloured fine roots and nodules are, however, abundant. In the case of the 
roots of healthy plants examined at the same time for comparison, there have 
always been abundant fine roots and root nodules in an actively growing 
condition. Indigo wilt is, therefore, associated with the recent destruction of 
the absorbing root system. 

In the rains, wilt occurs on deep-rooting types- to a much greater 
extent than on those with a shallow root system. Java indigo, as grown 
in Bihar, is an exceedingly mixed crop and consists of a large number of 
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(6) Early types with a vertical habit in which nearly all the laterals are 
concentrated near the surface but all point downwards. The selection known 
as Type 11, the roots of which are shown in Fig. 2, belongs to this type. 



]^IG. 2. The root-range of a plant of Java indigo 
of vertical habit. 


(e) Late busby forms in wbich there is a development of lateral roots 
from the surface to a great distance down the main root. 

(c?) Late types of vertical habit with lateral roots pointing downwards 
arising at regular intervals down the long main root. 

(e) Types with hardly any side branches but a deep tap-root. These types* 
scarcely branch at all either above or below ground. 


■# ■ . • 
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early bmh type with latmfe aear the surface (Fie 

to ^ much more wilt liable than the latter In }«*I8 *V“’ 

I further confirmation. It was fonnrt fh.* i ^ ‘"'‘‘••ivMj 

I which did not shoot and which were attack^" y ^11^7 if’ '‘”k 

.; f>7hand as the laterals ran deen intn -i / '^**** * ^ 

as the hteml, ^ “ "P ‘"h ".m, „„ 

ii;j ia detail durine thp mono . ‘aw of wilt 

|; ; rooting while the healthy plants exaniin JT ^ 

||3; surface-rooted. ‘Jonipaneim were all foim.l to be 

; The occurrence of wik under monsoon co,idi(n„i. ru 

durmgthe rainy season an<l the general vini rir.i 
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plants grew next to next with interlocking root systems and in no single 
instance did wilt spread to the late sown plants. Since 19125 many similar 
examples have been noted which prove conclusively that wilt is neither a 
disease in the ordinary sense, nor is it caused by any deficiency in the soil 
Solution. 

Not only may wilted and healthy plants exist side by side, but it is easy to 
produce a wilted branch as well as vigorous growth on the same plant at the 
same time. This phenomenon occurs if a branch is left at the first cut in June 
to maintain the transpiration current. The result of this is that the damage 
to the fine roots and nodules (as shown, by root washings) is less than if the 
plant is completely cut back while the new shoots are formed much more 
quickly. It often happens in such cases that after the new growth is well 
established near the ground, the old branch left begins to show sigr^ bf wilt 
which, however, does not spread to 'the new shoots. This is probably due 
to the utilization of the crude sap by the new growth near the ground level 
and the consequent slow starvation of the upper branch. 

Both during the early and the late rains, deep cultivation has the effect of 
producing wilt. Two well-marked cases of this have occurred at Pusa recently. 
In 1918, Java indigo, sown in double lines to admit of interculture during 
the monsoon, steadily lost in vigour compared with the broadcast crop side 
by side and also developed more wilt. In the present season, 1919, the experi- 
ment was repeated with four types of indigo and on different classes of land. 
In most cases, the indigo grown in double lines with interculture yielded less 
green plant and also developed more wilt than the neighbouring broadcast 
plots. The effect of the cultivation was found to destroy the lateral roots near 
the surface and to stimulate root formation in the deeper soil layers. The 
lower roots were destroyed by poor soil aeration and the plants therefore 
developed wilt. 

Wilt is easily produced after the rains during October and November 
by tlie cultivation of old indigo which has hitherto managed to survive at 
this period, the only active roots are close to the surface and the indigo plants 
are dependent on these. Cultivation or^the natuial drying of the surface 
soil destroys the surface roots and wilt occurs. It can be prevented by 
mulching such plants with straw or dried grass after the sowing rains in 
October. The mulch preserves the moisture and so assists the surface roots 
to maintain the indigo till growth ceases during the cold whether. 

In 1919, a comparison was made between mulched and non-mulched 
plants. The former held their leaves and resisted wilt while the latter were 
affected by the trouble. . / 
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The. artificial production of wiU. Wilt 04in be artijicirtHy in lb. 

following ways; — 

(a) By mutilation of the root system. 

^ (i>) By cutting back young rapidly gntwing August sown i.liinfs in 

October, when the reserve materials in lb.* ta|i r«.ot arc iiisuflira ni for loot 
regeneratiim, 

(c) By October and Novemlrer cultivati.m of old indig.. df|s-ndctil f.,r 
its crude sap on superficial roots. 

4fi) By complete cutting back in the cold weal her, when tlie r.Hit rege- 
neration of surface-rooted types is difficult on account of tin* low s(.i! t.uniM!- 
ratuxe. 

(e) By waterlogging slowly from below during the rain.s by ckssiiig tbe 
drainage openings of lysimeters. ’ 

; Undoubted wilt has been produced by root mutilation in two rasw. The 

. first occurred in a plant which was pninetl on June 2]Hf, Hdlt. The mots 
were exposed on July 15th, and found healthy in all resfa«cts. Before 
leplacing ifee soil, the tap-root was severe.! at a depth of one f.Hit 
’ b«low the surface and most of the fine roots wem di^tn.ve.1. Wilt 
i . . developed. The second example occurred in the case of a plant Utch was 
; i _ . ; pruned m June 21st, 1919. The roots were exposwl on August 5tli and 

found to be normal. Before replacing the soil, all the fine rwits 
^ laterals were removed to a depth of one foot but 
||.i]| Ithuf^p-root was left intact. Wilt rapidly developed and when the root 
p|' August 29th, very few active roots were 

‘ t ^ mmrn 

it;! ’ ^ ^ “ numerous cases of wilt. In 1914, 

ill !hSa1^!!a but a certain 

i 1 "generation was found U> be 

Hi M ^ the lack of ro^e materials in the young r.H.te. 

i 'i i ^ i SS J ® «bot 

... ' b&ve been repeated several times since with 

pr^ttcmg yrilt is to cut back tail August sown iilanhs 
- d ng the cold season, when -the temperature of the soil is too low fo5 root 
regeneratioti to take :t!aci^ ^liy In DecemW loift i ^ 

very healthy waU-develooerini J December 1918, a number of lines of 
Tf A-vgpsb sown plants were cut back when over 

ig • tb© following February that the new growth 

- . 
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exhibited all stages from bealtby to wilted foliage. Counts were made on 
February 17th, 1919, with the following results (Table III). 

Table III. 


Effect of cutting hack indigo in the cold weather. 


No. of row 

No. of plants 
cut back 

Badly wilted 

Partly wilted 

Normal 

1 

205 

31 

72 

102 

2 

176 

60 

47 

79 

a 

136 

46 

36 

64 

4 

124 , 

35 

30 

69 

Total 

641 

162 

186 

294 


Thus more than half the plants cut back developed wilt.^ A number of 
root washings were made and in all cases wilt was foiind to be associated with 
the practical absence of root regeneration. These plants were kept under 
observation till April, by which time a remarkable change had taken place. The 
rise in the soil temperature in March and the improvement in the aeration of 
the soil caused the wilted plants to recover ; root regeneration took place and 
the growth became normal. 

Perhaps the most interesting case of the artificial production of wilt took 
place during the rains of last year. At the beginning of the monsoon of 1918, 
Java indigo was grown in two sets of lysimeters. Thene were air-tight cemented 
tanks 1/1000 of an acre in area, four feet high, built about the ground level 
and provided with drainage openings which could be closed at will In 
one set, alluvial soil obtained from the Kalianpur farm near Cawnpore 
was used, in the other set, light Pusa soil was employed. Kalianpur soil 
is exceedingly rich in available phosphate (0‘318 per cent) while Pusa 
soil, when analysed by Dyer’s method, gives very low figures for available 


^ The plants which developed wilt were those which had their laterals near the surface, 
the deeper-rooted plants produced normal growth. Thus the monsoon results are reversed 
during the cold weather. The explanation is simple. In the cold weather, the factor which 
checks root regeneration is low soil temperatuyei This surfage-rooted plants much more 

thfin deep-tooted types, 
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phosphate (0*001 per cent). The resultH oht«in«l mny hi* Mutninti tip m 
follows : — 

(а) In both Pusa and Kalianpur soil, the iridit^o in the iysiinfit>rK with 

free drainage escaped wilt. 

(б) When the drainage ojicnings were closed anti watcrlojiuing fmoi 

below took place, all the jdants were wilted in |..ifh Kalianpur 

and in Pusa soil. 

(c) The wilt in Kalianpur soil (rich in availabh* jihospliate) was 

. , much worse than in Pitsa wiil (said to be low in available 

phosphate). 

(d) The growth in Kalianpur soil w»is much shmee than in Pusa 

. > I soil. 

Recovery from wilt. Cases of complete recovery freni wilt occur fre* 
;quen%. Good examples occurred during the ruins of 1919. As previously 
mentioned, wilt first made its appearance this year between Jn!v 2:Jrd and 
August 7th, and again during the first three weeks of tiVpteinlier.' After the 
first attack, which was slight, it was observed that plants frequently recovercMl 
and after showing wilted foliage produced normal shoots. The roofs of two 
plants which recovered from wilt were eximed on August 21sf, atid were 
found to have produced numerous new healthy roofs. This regeneration wa.s 
evidently due to improved soil conditions. In one of the. two caaos examined, 
a branch, which showed wilted foliage, amtinued to gr<»w in length and !«') 
fOTTu healthy leaves. This does not often occur in cases of recovery. As a 
rule, the wilted branches die and new healtiiy shoots are produced. 

A second interesting case of recovery from wilt on the large, scale occurred 
in March, 1919, in the case of two plots, which were badly affected at the end 
of the previous monsoon. Both plots, however, showed a remarkable recovery 
m March and Apnl 1919. The .diseased plants commenced to grow and the 
*oots and roots formed were perfectly healthy. Similar results were obtained 
' in a plot of Type 16, which had yielded two heavy crops of leaf during 
1918. Many of the plants were attacked by wilt during the «.1<! weather 
of ,1918-19, but there was a remarkable recovery in March and Aiiril 
? of 1919.- The new growth was abundant and healthy and .so vi<mnmK 
(werelsome of the individuals that they survived the monsoon of^’icuo' 
land atthe present time. October 1919, promise to give a secon.l ^eed’ 

I If . . 5 ^ . 

j ; .The most.stokmg cases of recovery from severe attacks of wilt occurred 
i m the lysimeter^e^rimmts of 1918. In two cases, in lysimetem which had 
hew waterlogged from below during the rains and in which all the plants were 
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exceedingly badly wilted, complete recovery took place in Marcb 1919^ wben 
the stunted diseased individuals which had been looked upon as dead, threw 
out vigorous healthy shoots. 

Conclusions. 

These are the facts relating to the occurrence and production of wilt so 
far EvS they have been ascertained under Bihar conditions. The conclusion 
is irresistible that the trouble results from the destruction of the roots and 
nodules under circumstances when regeneration is impossible. Under estate 
conditions, the indigo crop, with very rare exceptions, does well till the first 
cut. This operation, however, destroys the fine roots and nodules, and before 
new^ growdh can take place root regeneration is necessary. If the soil aeration 
is sufficient at this period, the plant shoots w^ell and, provided these conditions 
continue, as in 1919, an excellent second crop follows. If, however, at the time 
of the first cut, floods cause the ground water to rise and if heavy rain water- 
logs the surface soil for long periods, root regeneration is very difficult and 
the result is wilt and a poor second cut. The wilt which often attacks old 
indigo in November and December is due to the fact that this plant has been 
forced to develop surface roots in the late rains. These suffer from want of 
water as tlie ground dries after the monsoon and the advent of the cold 
weather prevents tlie formation of more roots. 

Confirmatory evidence. 

If our view of the cause of wilt is correct and if the aeration of the soil is 
really defective in Bihar during the second half of the rainy season, several 
consequences naturally follo\v. Firstly, wilt should not be confined to Java 
indigo, but should affect other deep-rooted plants wffiile surface-rooted species, 
on the other hand, should escape. In the second place, as twm rainy seasons 
in India are never the same and long breaks occur, soil aeration in Bihar in 
August and September should occasionally improve and lead to the recovery of 
wilted plants and to greatly increased crops of indigo. In the third place, 
indigo wilt should not occur m other localities provided the soil ventilation is 
efficient during the whole of the monsoon phase. Confirmatory evidence has 
been obtained in all these directions. 

Wilt in Bihar during the monsoon is by no means confined to Java indigo. 
It is common on many deep-rooted varieties of {Hibiscus eannabmus L.) 
and s€mn {CTOtalmi^^^^ L.) while shallow rooted types of these two species 
are little affected. Further, surface-rooted species like Eoselle {Hibiscus 
Bahdariffa L.) thrive no matter how w^t the monsoon may be. The differ- 
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liliK'k soili^ of the Contra! Provinces suffers from wilt and hardly yields any 
seed. Thus liio f loop. rooted varieties of jwtuw and mnn behave exactly like 
the di'op-T'ootod variolies of Java indigo and are severely attacked by wilt in 
the late rains, lloselle atid the shallow rooted types of pal^im and .sfmx on the 

at lit*r hand escape \vilr. 

Tile general exjierieiiee of 1919 affords considerable support to our views 
im the cause of nilt in indigo. For several years past, tlie rainfall has been 
heavy ainl Hoods have been the rule. Indigo has not done well and wilt lias 
been f-oniinon. The year .1919, however, was a year of short rainfall combined 
nitli file abseiice of floods. In eonsequence, the rise of the subsoil water was 
JitU eon^iclerable. The soil aeration was, therefore, above the average. Slight 
wilt oceuried on two occasions only but the plant rapidly recovered. Three 
cuts of indigo were o])tained at Pusa and the old plant is now exceeclingly 
healthy after the rains, ilany of the Bihar estates, particularly those w^hich are 
most liable to wateifogging. did reniarkably well in 1919, and for the first time 
fo]* inany }’-ears luave rea])ed an excellent second cut. Although the area under 
indigo in Bihar in 1 910 was 14 per cent less than in 1918, the outturn is expected 
to be greater than in 1918. Such a result would not be possible if the Bihar 
soils are suffering from depletion of one of the essential constituents of the soil 
solution. 

Indigo W'ilt is not met with during the i*ains in India on porous soils where 
the aeration is efficient. This interesting fact has been studied in two cases — 
at Dehra Dun in the submontane zone and at Chanclkhuri in the Chattisgarh 
Division of the Centinl Provinces. At Dehra Dun, the monsoon rainfall is very 
high, often more than lOG inches. At the Harbanswala Tea Estate, where Java 
ifidigo was grown for some years, there is excellent surface drainage and the soil 
is remarkably poroiis, so permeable in fact that it is possible to walk over the 
fields a few" hours after five inches of rain have been received. Here Java 
indigo grows with great rapiclity, the plants are at least ten feet high and 
no signs of wilt can be detected. At Chandkhuri near Eaipur in the Central 
Provinces, the results were siniilar. Grown on the porous lateiite soils (blmia) 
under a maximum rainfalT of over 60 inches, Java indigo thrives remarkably 
and no trace of wait is to be seenb Good crops of seed are pinduced although 
the soil is particularly poor in total and available phosphoric acid. When 
grown on the stiff and poorly aerated but richer black soils under similar rain- 
fall and similar climatic conditions, Java indigo develops much more slo-vvly, 
.(Plate V). /' 

1 Clovston, P. and Padmanablia Aiyar, A.E., Jom\ oj Special Iiiclian S 

GoBgresS'Bmnb©r,'‘19I8, p. 89.' ■■ 
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Smith, Secretary for Agriculture to the Government of the Transvaal, the 
seeds of single plants of the wild indigo of Natal were separately collected in 
that country for growth at Pusa. The samples were sown separately in lines 
next to next and the progeny was examined^ The rows were remarkably 
uniform in themselves and there were no great differences to be observed 
between the various lines. Natal indigo proved to be erect in habit with little 
branched, green stems and a deep root system. The foliage was somewhat 
sparse. The reddish stems and leaves and the much branched habit of many 
of the types found in Java indigo were entirely absent. As regards suscep- 
tibility to Psylla and wilt, the Natal plant showed far less resistance than the 
Java cultures growing side by side. 

The kinds of indigo now grown in Java* 

In 1916, a collection of the various kinds of indigo now growing in Java 
was obtained through the kind assistance' of Dr. Koch of the Buitenzorg Bota- 
nical Gardens. These consisted of the following samples— Java-Natal indigo 
from the Koeto Sani Estate, Java indigo from Soerabaya, Natal indigo from 
Soerabaya, Bengal indigo, wild indigo, Presi indigo, Sumatrana indigo and 
Indigofera suffndicosa. These were grown at Pusa in plots side by side and 
their behaviour under Bihar conditions, and after cutting back, was carefully 
studied. In most cases, the root system was also examined. The range in 
general habit, in the size of plant, in root development, in the proportion of 
leaf to stem, in vegetative vigour, in the power of repair after cutting back 
was very great. Some were perennials and others proved to be annuals. Wild 
indigo and Presi indigo showed low vegetative vigour and little power of 
repair after cutting back, behaving very much like Sumatrana indigo. Natal 
indigo grew like the species obtained from Natal and showed itself to be a 
deep-rooting perennial, unsuited, however, on account of its deep root develop- 
ment, to Bihar conditions. The sample which most nearly resembled the old 
Java plant which did so well in Bihar, was the Java-Natal from the Koeto Saiii 
Estate, The examination of the plants raised from these samples showed 
that there are many types of indigo now growing in Java only one of which 
was in the least suited to Bihar conditions. 

The composition of the Java crop in Bihar* 

In 1916, the botanical composition of the Java crop, as growm in Bihar, was 
examined in detail and compared with Java indigo as it existed in 1905 eleven 
years earlier. By a fortunate circumstance, ’we grew several plots of Java ^ 
indigo at Pusa, in 1905 and 1906, and’thus became familiar with the plant which 







uu i.MW-i.«iJKK3‘ ITOOTTRY IN BIHAII 

vvell m Bihar. To enable the change.s in botanical co,njK,Hiti<,i 
^ken place m recent years, to be understood, some reference tc 
>f Heed supply in Eihar is nece.ssary. Up to verv recent ^•ear^ 
raising seed m vogue was to allow the best of (he fields to fi.over 
of leaf was taken in August. This involved the production 
^hed in vigour, both by the growth of two 
hie soil condition.s set up by the monsoon, 
d moreover the wrong type of seed. This 
d place, the early, ra])idly growing types in 
r and early October, when the air was too 
ace. These naturally became supj)res.sed. 
obtained from the later deep-rooting types' 
1 , rapidly altered the botanical compo- 
rting unthrifty types. A shortage of 
siderable amount of iniportation. At 
)t however, from the Dutch planters, 
up indigo, but from the natives who 
—1 type or to selection. It was no 
le Java crop in Bihar contained such an 
isisted 'of every gradation between 
and slow-growing deep-rooted peren- 
:e and in the proportion of leaf to stem 
prQCnwbent types like the wild indigo of Java 
s resembhng Presi indigo. Besides, a host of 
when sown separately, yielded a wide range of 
plants raised from a sample of seed from Java, 

admixture of foruis 

prdinary Bihar crop. The only 
-1 natives of Java, who.for many 
Wth their indigo seed, had been 

ndigo found in Java and that a 

In the process, 
altered alnio.st 
and the entire 


The result was insufficient .seed an 
arose from two causes. In the fir.< 
the mi.xture flowered in Septembe 
damp for fertilization to take pi 
Consequently, the bulk of seed was 
The method of seed growing, ther 
sition of the crop and favoured de 
seed resulted which necessitated a 
first, this was obtained from Javt 
who had by this time practically g.,_ 
naturally paid no attention either to the 
surprise, therefore, to find in 1916, that t 
extraordinary range of types. It co 
J^p^y-growing surface-rooted annuals 
t The range in the type ,of foliagi 

Pf|?"'|^^prable,| ;Weak,' i 
1^; ,as ;we|I as firms 
occubed which. 
jS^lpiiluatipn qf thq ' 

, , greater than that, met ,with hi! the « 

!»•* M Ot Mtuij' “ 

Ke original t^e grown b/ke bhtch pltTtw 

1(1 ifi!*!*!; !» 

1 .,. “^*§0- ! While tontiim^,,. . 


HOWARD AHB HOWARD 


■13 


able to survive the rainy season. The stoppage of selection, the inixing of 
kinds which is such a characteristic of native agriculture and the resulting 
crossing with types which do not suit Bihar soon completely altered the bota- 
nical composition of the crop and rendered it unsuitable for growth under 
monsoon conditions. Indigo wilt is, therefore, another example of degeneration 
through vicinism. 

IV. The REMEDIES .AGAINST WILT. 

Now that the nature and cause of wilt have been discovered, the question 
of remedies can be considered. Wilt has arisen from unrestricted natural 
cross-fertilization which, in the course of time, has completely altered the 
original type which did so well in Bihar. This crossing with annuals 
combined with the complete cessation of selection has lowered the general 
vigour of the crop, has rendered it much more susceptible to waterlogged 
conditions and has altered the type of root-system. The problem is now to 
recover by selection the original type which suited Bihar conditions and to 
maintain it by continuous selection. The maintenance of the type will pro- 
bably prove to be the most difficult portion of the work. 

Java indigo only sets seed if visited by bees and the crop is a mass of freely 
crossing heterozygotes. If grown from self -fertilized seed, there is a rapid 
loss of vigour through self-sterility. The ordinary methcKls of selection, 
therefore, do not apply. Crossing can only be controlled, it cannot be pre- 
vented. To maintain the type required, constant selection will be essential 
and the greatest attention will have to be paid to seed growing. The present 
practice of importing into Bihar any kind of seed which happens to be offered 
for sale, will have to be given up and arrangements will have to be made to 
grow air the seed required locally and to carry out the necessary selection on 
the estates themselves. 

Selection. 

A considerable amount of selection work has been done on the ordinarv 
indigo crop and on the samples obtained from Java. Several of these selections 
have already been tested on an estate scale. Three types have survived the 
early trials and have been retained for further work. These are as follows : — ■ 

Type 10. A mixture of quick growing early maturing forma selected 
from the seed imported from Java in 1916. The selection work in progress 
on this type pronaises to isolate a type of Java indigo which might replace 
Sumatrana. Sufficient seed has already been obtained for trials on an estate 
scale which have been arranged for. 

Type 15. This is a somewhat bushy indigo with surface roots which, 
shoots well after the first cut and which seeds well in Bihar. It is now being 
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grown successfully on several estates and is being further improved 
■at Pusa, 

Type 20. This has been selected from the Java-Xntal indi 
irom the Koeto Sani Rjtate in Java. It is a tali rapidly growi; 
indigo which resembles the original Java-Natal lir.st introduced 
A number of plants of the original sami)le have given two crops of sc 
survived the intervening monsoon. Selection is in jirogres.s on t 
which the vigour is being increased and by which the power of 
cutting buck is being impi'oved. 

As the soil conditions of the various indigo estates in Biha 
siderably, it is quite possible that one type of plant will not proi 
most efficient in all cases. The .soils of most of the estates in t 
portion of the indigo tract are heavier and inoister than fbo«o 
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■n the ml gasjrom the different plots in the Botanical Area 
vnng the period January to November 1919. 
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holes -|" in diameter on its side every half -inch apart up to a length of 6"" from 
the sharpened end, was driven firmly into the soil at an angle of about 30^ 
so that the end of the tube penetrated to a depth of about 12" from the surface. 
Three inches of the tube remained outside the soil. The open end of the 
tube T outside the soil was connected by means of a rubber stopper K and a tap 


5*~“Appfaratus used in determining the amount of carbon dio]£ide in the toil 

atmosphere. 

U to a capillary tube y to a Eeiset’s apparatus Aj containing a measured volume 
of baryta water of known strength. The Reiset’s apparatus was connected to a 
16 litre aspirator bottle B filled with water. The aspirator bottle was grad- 
uated by means of a paper scale to litres.. Soil gas was aspirated through the 
apparatus by allowing the water to flow by means of the exit tube C attached 
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to the aspirator. The flow of the gas was n^giilate.] hy means of the .serew 
c tp and was kept at about 3 litres per hour. iSefore ofiening the tap T 
all the connections were tested for leakage. On opening the tap T, .soil gas 
passes through the baryta solution which absorbs the Ofb. forming barium 
carbonate. The three perforated silver cones, a, I, and c in' ti.e tower of the 
. Keiset s apparatus allow complete absorption of the CO^, by tlie baryta «.ln- 
tion. About 10 litres of soil gas were aspirated in each case. At llie end of 
each experiment, the volume of gas and tlio temperature (inclicateil in the 
thermometer in the neck of the a.spirator bottle) were noted, the tap T was 
cosed, and the apparatus disconnected and brought to the laboratory. The 
ary a water from the Reiset’s apparatus was filtered qiiicklv, filled into a 
burette a measured portion nm out and titrated against standard acid. Tlie 
s rength of the baryta water used was determined once previous to the asoi- 
ration of sod gas and the difference in strength after aspiration gave the 
measure for calculating fhe amount of CO. contained in the soil gas Hv this 

down but partially aerated by trenches and (.3) cultivated plots, were deter- 
once every month and the results obtaineil are given in Table IJ and 
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PART II. 


THE FACTOES UNDEELYING THE SEED PEODUCTION AND 
GEOWTH OF JAVA INDIGO IN BIHAE. 

j I. Seed pbodxjction. 

In 1913, when we took np the investigation of Java indigo in Bihar, the 
seed problem was aciite and the industry was in danger of extinction from 
this cause alpne. The supplies had fallen so low that they were insufficient 
for sowing while the price had reached a point which seriously reduced the 
margin of profit. ■ , . 

' ■ The method of raising indigo seed in vogue in 1913, was to allow the best 
of the fields to flower after the second cut of leaf was taken in August. This 
involved the production of seed from plant greatly diminished in vigour both 
by the growth of- two cuts of leaf and by the unfavourable soil conditions set 
up by the monsoon. The result was insufficient seed and moreover the wrong 
type of seed. This arose from two causes. The early, rapidly growing types 
in the mixture flowered in September and early October, when the air was too 
damp for fertilization to take place. The bulk of the seed was obtained from 
the later deep-rooting types. This method of seed growing, therefore, adversely 
altered the botanical composition of the crop. The shortage of seed which 
resulted necessitated a considerable amount of importation. At first, this 
was bbtained from Java, where the supply for Bihar was grown by the natives, 
who naturally paid no attention either to the type or to methods of selection. 
In recent years,- supplies have been purchased from Assam and the United 
Provinces, and indeed from any locality in India which happened to have indigo 
seed for sale. The feature of these external seed supplies was the entire 
absence of selection of forms suitable for Bihar conditions. 

Th^ results of our investigation on wilt show that the type of indigo 
required in Bihar is a surface-rooting, rapidly growing, plant which is also 
resistant to waterlogging. As Java indigo is .a mass of .heterozygotes and as 
the range of possible forms is very great, it follows that it is not sufficient, 
merely to isolate a suitable type by selection. The type must be mainteined 
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by continuous selection or a repetition of the wilt problem is inevitable. To 
achieve this object, the seed must be grown in Bihar and the annual selection 
necessary must be carried out locally. Thus the raising of se.jd is a matter 
of the very greatest importance to the future of the indigo industry. 

The factors underlying seed production. 

The solution of the problem of seed production was found to lie in the 
growmg of a special seed crop and in obtaining the seed from the most vigorous 
plants. This waS accomplished by sowing the seed crop in early August 
by which time the rains were half over. Provided high lying land in good 
condition with excellent surface drainage is selected and attention is given to 
surface cultivation, the seed crop can be established even in the wettest years. 
At first, growth is slow and root-development is largely confined to the upper 
layers of soil. As the level of the ground water falls, the soil aeration improves 
and the roots invade the deeper layers. By October the crop is established 
and growth then becomes rapid. The yield of seed has been found to depend 
on two factors — ^fertilization aiid the rapid growth of the plant. 

■ Fertilization. The conditions necessary for fertilization were found 
to be temperature and humidity. In Bihar, indigo can be made to flower 
at almost any period of the year but it only sets seed if the temperature 
and hunudily are both favourable. In September and early October, the air 
is too damp for setting to take place and although flowers and pods form, 
practically no seed is obtained, in December, it is too cold for fertilization. 

The be^ period in tiie year is the six weeks between October 16th and 
November 30th, , when the weather is warm and dry. At this time, fogs 
and ram ar^ practically unknown. Bees are very active during this period 
when, other; things beii^ favourable, practically every indigo flower is 
visited and ■ yields good seed. For all the flowers to be worked over, the 
p^ts must be propo-Iy spaced and allowed to branch freely. Anythkg in 
the natee of overcrowding jurevents juoper branching and also keeps the air 
round the plants too damp. It is best, therefore, to grow the crop in lines, 
about thr^ feet apart, and to attend to spacing in the rows from the very 
beginning; t. The pkate shoold be well forward by the middle of October so 
that flowe^ .begins about s this time. Any great delay means a reduced 

■ • Bapvi I jiB, febvihas that the production of a heavy crop ot 

seed necesmtoto a large and vigorous plant. This is only possible if the soil 
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soil must be rich in organic matter to provide the nitrogen needed for rapid 
growth and also to preserve the soil texture during the late rains of August and 
September. After the last showers at the beginning of October, the soil between 
the rows must be deeply cultivated to supply the roots and nodules with abun- 
dant air. Thus organic matter,, surface drainage and aeration are the chief 
soil factors which require attention. The importance of surface drainage 
needs no proof — -in its absence in a wet season there is no crop. 

In the investigation of the effect of aeration and organic matter on seed 
production, a modified method of pot culture* was adopted. The pots 
consisted of pits, 3 feet square and 18 inches deep, filled with soil diluted with 
various aerating materials or mixed with various manures. The, pits thus 
act as culture pots. If prepared before the rains, the soil settles down and 
by August are ready for sowing with indigo. In this way, many difficulties I 

are avoided such as the water-supply and the effect of temperature. Period- 
ical measurements of the height are made, determinations of the soil moisture 
and available nitrogen are carried out and after the seed is harvested, the 
weight of dry stem, less the leaves, is recorded. The results are set out in 
Table I, 


^Agr. Jour, of- India, Special Indian Science Con^ss Number, 1918, p. 36. 
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All examination of the table discloses several interesting facts. Ab 
regards growth and seed formation, improved aeration by itself bag had a 
marked effect. Seed production was increased nearly three times and growth 
was almost doubled by the substitution of ten per cent of the volume of soil 
by potsherds. The replacement of half the soil by sand led to a similar result. 
The greatest effects, however, were produced by leaf-mould with or without 
potsherds. The replacement of forty per cent of the volume of the soil by 
leaf -mould (30 per cen) and potsherds (10 per cent) increased seed production 
twenty-one times and growth more than tenfold. These results have been fre- 
quently confirmed both in the field and in other series of pot cultures. The effect 
of temperature is shown by the falling off in the rate of growth which took pjiace 
in all the pots after the end of November, no matter what the treatment. This 
always happens in the case of Java indigo at this time. After the end of 
November, no matter what the size of the plant may be there is practically no 
growth and no setting takes place during the coH months of Decemher, 
January and February unless the temperature is tnuch above the normal. 

An improved method of seed growing. 

The discovery of the factors underlying seed prodiiction enabled iis to 
devise an improved method of growing indigo seed in Bihar. Instead of 
raising seed after leaf from a partially exhausted plant, it was found better to 
reverse the process and to raise a special seed crop which afterwards could be 
kept for leaf. For this purpose, the seed is sown early in August on specially 
selected high lying fields, known as fields. These fields must be above the 
flood level and they must have excellent surface drainage. They should lie, if 
possible, near the banks of rivers so that the aeration of the soil is impD^ved as 
quickly as possible when the water-level falls in September and October. To 
? enable rapid growth to take place and to preserve the soil textiire during the 
- rains of August and September, the land must be well manured the previous 
May or June, with decayed organic matter and afterwards worked as a clean 
.fallow. The crop should be sown in lines about three feet apart and ])articular 
pare must be taken during the rains to break the surface crusts formed I)y rain 
as often as possible. This frequent harrowing is essential as the seedlings of 
Java indigo are very susceptible to poor soil aeration and are easily killed by 
surface crusts. After 'the last rains at the beginning of October, a final har- 
rowing is necessary, followed by deep cultivation between the lines to provide 
copious aeration for the intense nodular development then in proirress. 

In addition to correct soil managemeht, the object of which is to raise a 
large strongly growing plant by flowering time in mid October, particulars 
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attention must be paid to thinning and selection. A good d(>aj of i 
selection takes place by the extinction, through poor .soil aeration, of ni 
the deep-rooted constituents which naturally result from the ganieti 
stitution of the crop. It is always found that many of the deep-root 
thrifty plants either die out altogether or lag behind the aiirface-rootwl 
All small weak plants which survive should be destroyed from time t 
and the crop at flowering time should consist only of the type required, 
best plants are those which branch copiously and which also flower 
After flowering has set in, a final thinning is required to elinunate thus 
viduals which, although of suitable habit, show a tendency to flowt 
late. 

The result is a magnificent crop of .seed which in good years weig 
well over half a ton to the adre. Even in the worst years at Pusa, the 
has not fallen below a quarter of a ton to the acre TKe 
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Soil aeration. 

From the time the ordinary crop is sown in September or early October 
to the following May, indigo shows a remarkable response to soil ac^ratioii. 
After germination and while the seedlings are small, anything in the nature 
of a surface crust is fatal and constant harrowing is essential. During the 
cold weather and the hot months of March, April and May, indigo shows a 
remarkable response to repeated harro wings with the lever harrow. These 
implements were originally introduced into India by the Botanical Section 
of the Pusa Institute and are now widely used on the indigo estates. They 
enable the surface soil to be broken up to a depth of nearly two inches and the 
mulch produced preserves the soil moisture during the hot wmther. In 
addition, aeration is improved and the large supply of air needed by the intense 
nodular development which takes place at the break of the rains, is provided 
for. During the early monsoon, soil aeration is maintained by tlie rain- 
fall which is a saturated solution of oxygen and experiments show that culti- 
vation at this period is unnecessary and does more harm than good. In the 
later rains, the marked aerotropism of the roots (caused by the rise of the gases 
of the deep soil layers which follows the upward movement of the ground 
water) combined with the destruction of the absorbing root system of the 
subsoil, places cultivation out of the question. This should, therefore, stop at 
the break of the rains in May. 

In addition to improved aeration by means of surface cultivation, the 
indigo plant shows a marked response to a more open soil texture and also to 
the aeration of the subsoil. As an example of the effect of altered soil textura 
the results obtained on growth by the addition of sand or potsherds to the soil 
are of interest. (Table 11.) 

Table II. 


The effect qf improved soil aeration on the growth of indigo. 


Kind of soil 

No. of plants 
measured 

Average length 
in em . 

Peroentage 
increase • 

Soil only . . « • . . 

33 

36-7 


50% soil 60% sand 

36 

61-6 

■40 

90% soil 10% potsherds , . 

33 

48-3 ! 

■31 

70% soil 30% potsherds 

36 

60-9 ' 1 

38 


The substitution of only ten per cent of the volume of soil by inert potslierds 
sujEced to increase growth by over 30 per cent. 

Equally striking are the results obtained by waterlogging the subsoil 
before the indigo crop is sown. The effect of waterlogging the heavier soils 
at Pusa during September, has been found to result in extensive losses of 
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When the subsoil is gradually waterlogged from below after the seed is 
sown, still greater changes in the root system are obtained^ Gradual water- 
logging from below af|)er sowing is obtained by growing the crop in lysimeters, 
the drainage openings of which can be closed at will. In 1918, a series of such 
experiments was carried out and at the end the growth and root-development 
obtained under drained and waterlogged conditions was compared* The 
results are shown in Fig. 2. 



Fig. 2. The effect of waterlogging after sowing on the root- 

development of Java indigo. 
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STUDIES IN’ DISEASES OF THE JUTE PLANT. 

(1) DIPLODIA CORCHORI SYD. 

"BY 

F. J. P. SHAW, D.Sc. (Lend.), A.RO.S.,F.L.S., 

8m>iid Impmal Mycologist. 

[Received for publication on 23rd January, 1920.] 

The Disease in the Field. 

During the summer of 191 7 ^ an area of about 40 acres on the Pusa Farm 
was placed under jute {Corchorus capsularis). The variety grown was “kahya 
bombai, ” a pure line race selected by the Fibre Expert to the Government of 
Bengal (Mr. R. S. Finlow) and possessing many advantages in size and yield over 
the races commonly grown by the ryot in the great jute-producing districts of 
Eastern Bengal. Not all the area under j ute was sown at the same time, some 
being sown about the middle of March and the remainder not until June. As 
the season advanced, the superior height and thickness of stem of the early sown 
pirtion became very noticeable. In the case of jute grown for seed, however, the 
size of the stem is not of such importance as when it is grown for fibre. 

By the b^innmg of August the early sown portion of the crop had reached a 
height of 10^12 feet, about twice the size of the late sown, and presented a dense 
and almost impenetrable growth. The plants were a bright green colour but 
tl^ughout this portion of the crop several plants appeared to be dr 3 dng up and 
wilting, with the formation of a dense black discoloured band round the stem at a 
pomt about 2-3 feet above the ground level (PI. I, fig. 1). guoh plants ulti- 
mately lost all their leaves and were left standing as dry black stems, forming 
relatively conspicuous objects among their healthy green neighbours. Inter- 
mediate stages in the progress of the disease showed that the blackening of the 
stem nearly always commenced with the formation of a discoloured ring or band 

^ SnetiHfit SeporU the AgrieuUural BeaeanA Insiiiuie, Pvaa, 1917-18 page 74 
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stem should be encouraged in order to increase the number of potential flower- 
bearing axes. Bearing these factors in mind the crop at Kamrup consisted of a 
thickly sown portion, in which the plants had grown up almost touching one 
another and which was being cut for fibre, and an area in which the plants had 
been thinned out to a distance of 18 inches and which was being kept for seed. 
All the jute was kakya bombai ’’ and in both cases the stems had reached a 
height of about 10 to 12 feet. In the case of the thinned out seed crop, however, 
the stems were rather thicker and of course more branched than in the fibre crop. 
This seed crop showed .many cases of the disease in a fashion precisely similar to 
the Pusa crop. - In the fibre crop, however, diseased individuals were much less 
numerous, and in fact the trouble would more or less have escaped notice and would 
not have been classed as a disease in this crop. A further correspondence with the 
facts observed in Pusa was furnished by two seed plots w’^hich had been sown on 
21st June, a month later than the remaining seed and fibre crops. These plants 
were much smaller than the earlier sown plants and the disease was not established 
among them. In one comer of one of these plots, how^ever, the plants had grown to 
an exceptionally large size, possibly owing to some local richness of soil, and here 
about 30 per cent, of the plants had the disease. The yield of seed from diseased 
plants is very greatly reduced, as such plants dry up quicker than their healthy 
companions and are liable to shed their seed in the field. The actual formation 
of seed in the capsules also appeared to be less than normal. 

; Thus the. yield ;of se^ per, acre in the Assam plots was 5 maunds in 1917 in 
Comparison with 7 maunds in 1916, and at Pusa the yield was 4*33 maunds in 
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In Bihar, in. 1918, the disease was generally much less, than in the preceding 
year. This is probably to be attributed to the abnormal drviies.s (Plate \'{J1) of 

the air during Septeinber-October, when the disease i.s apt to spread rmrst quiekly. 

In all cases it was found that the late sown cropt was rehuivelv innimne and the 
early sown, large, well grown crop was most liable to the di,sea.se. 

In Eastern Bengal, in August-September, 1918, the disea.se was pre.sent 
in Dacca, Myinensingh, Suijhani and Haldibari. The number of di.seased .steins, 
however, was very small, and unless the disease appears earlier it is e\-idently not 
likely to be a serious source of damage to the fibre crop. An interesting fact 
observed was that in Dacca red-stemmed varieties of C. eapmilun'fi appeared to be 
much less susceptible to attack than green-stemmed, while oUtorius ajipeared 
to be quite free from the disease. In Rajshahi the jute croji was C. iHHorins and 
here also the disease was practically absent. 

In 1919 the condition of the jute crop on Dacca Farm by no means agreed 
with that in the previous season. The oUtorim crop, both green and rod-stemmed 
varieties, was attacked. The incidence of the di.sease was not heavy and varied 
considerably m different fields on the farm, the greatest damage seen in any one 
area wasprobahly about 10 percent. Red-stemmed V.cajmilarisvcas ulsoattacked. 
These observations were quite sufficient to show that neither red-steimned eu i««. 
lam nor ofewma jute was resistant to the disease. At Chiusurah Farm the jute 
crop was G. oluonus, both red and green varieties being the same as at Dacca. The 

cropwasintMs^severyfine,averagiiigaboutl4feetin height, and there wasnota 

ng e c^e of black band ” disease. At Rangpur Farm both the dUormscrop and 
green-stemmed capsularis were infected. The disease, however, only reaching an 
appreciable degree when the plants were of a certain ske. 

In^Bihar, in 1919, the state of the jute crop was very similar to that in 1918 ' 
thk W tad, however, been sown as late as June and 

was onl T r ^ Wealthy. In the more early sown areas the crop 

thTjdS' ^ ^ ^ extent which would seriously dimiiiisb 

““ ■“* ““ 

Beyond these facts, however, the evidences as to the conditions which favour 
W cGjxfusiB^ and will be considered iatey, 
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The Cause of the Disease. 

A microscopic examination of a diseased stem demonstrated the presence of a 
parasitic fungus. The small Mack spherical bodies \dsible just below the 
epidermis were the pycnidia of a Diplodia, and the black dust which conies off on 
handling a diseased stem was Diplodia spores. The small white aggregations 
which appear on the surface of a diseased stem are masses of immature Iiyaline 
Diplodia spores. The spores when mature are dark brown, bicellular bodies 
averaging 24 x 12ft within the limits 20~29ft X 10~15fi. The pycnidia were rounded 
black structures, about 200-30Cft in diameter, with a conspicuous mouth (PI. II, 
figs. 1, 2) : although nmnerous and almost touching they do not run together. This 
fungus is evidently identical with that previously described^ by Sydow and 
Butler as Diplodia CorcJwri Syd. and first identified from material collected in 
1910. Earlier than this the fungus had been collected, but not identified 
and named, from a wide area in Bengal including places as far as Kisseiigaiij and 
Mymensingh. It has, however, never before 1917 been observed in such numbers 
as to suggest that it was anything but a stray parasite. 

On splitting open the bark of a diseased stem the surface of the wood is found 
to be coloured a deep brown, and in advanced cases of disease is almost black. 
This discoloration is due to the presence of masses of dark brown hypha^ 
of Diplodia running over the surface of the wood. The fibre is vsimilarly 
stained. 

A transverse section of the stem shows that the pycnidia are very 
superficial and occur in the outer layers of the cortex just covered by a few 
layers of cork cells (PL II, fig. 1). The mouths of the pycnidia break through 
this cork covering. The hyphse of the fmigus ramify in the cortex and traverse 
the phloem in all directions ; they can frequently be seen following the course ^ 
of a medullary ray as far as the cambium, w^here hyphae are particularly 
numerous, and in fact this tissue seems to afford a peculiarly favourable medium 
for the growth of the fungus. This accounts for the dif coloration of the 
outer surface of the wood in more advanced cases of disease. Ilyplue also 
penetrate into the wood and are easily visible in section in the cells of the 
xylem. 

From diseased plants the spores of the fungus were obtained and germi- 
nated in pure culture. In culture the fungus forms a copious mycelial growth^ 
the mature hyphse being a dirty greyish colour merging into brownish black in the 
old cultures. Up to the present pycnidia have not been formed on artificial 

^ Sydow, H, et P., et Biatier, E, J. Ftingilndiee Orien tails, Pars Anmles Mymhgici. 
Vol XiV, 1916, page 196. 
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media but on the cellulose medium and on dead sterile jute stems papillate 
stromata were often jwoduced. 

In artificial inoculations the fitnsus sets up a very rapid d(‘«enerui ion in 
the tissues of the cortex and phlo-Mu (FI. IV. fiy... 1 . i>>. !„ -lions of an 

early stage of an infection hvpliic can be seen ramilVinu in all directions in 
the cortex (PI. IV, fig. 2; PI. HI, fig. 2 ,, p i,' .vident that a cellulose 
dissolving enzyme is being .secreted. The cellulose <lis.M,lving jamer of the 
fungus was tested in cultures upon [uiro cellulose. .1 ei'llulose (paichinent) 

iffuaon shell was placed in a flask with -30 ('.c. of the lullowing nutrient 
solution 


Amiuoniuin phos23hate 
PotasBiimi nitrate 
Magnesiinii sulphate 
Lactic acid 
Water 


I Am CUJ. 


The interior of the ditfiision .shell was then infected with the mveelium and 
the flask placed in an incubator at .WC. Within 21 hours hyplne had grown 
through the diffusion membrane into the .surrounding liijuid. This [lenei rat ion 

could only be the result of the solution of a part of the diffudon membrane bj 

the hyph®. After two months the fungus had formed a dense nncelial growth 
. both within and without the diffusion sliHl, wliich luul beeome ipiiu; soft 
and rotten.^ 8 uch cellulose fibres as peisist among the fungal hypluc Jose the 
characteristic colour reaction with Sdiultz solution which is given by the 
unaltered cellulose. No sugar could be detected in the liquid in the flask. 

A control flask, which had not been infected with the fungus, remained 
unchanged. 

The fungus was then cultured upon pure cellulose, each culture containing 
about 0-5 gramme of cellulose and 50 c.c. of tlie following solution 

Potassium nitrate . . _ 

Monocalcic phosphate . . . . 0 

Magnesium sulphate . . _ " I 

’.‘. 1,000 c.c. 

In this case the only carbon present in the medium was the cellulose Three 
flasks were infected with the fungus and three were kept as controls. After (wo 
months, when vigorous growth in the infected flasks had nearly rotted the cellu- 

, lose, the flasks were opened and the liquids mtered and made up to a volume of 

100C.C. From each liquid 25 c.c. were taken and then acidified with 11 c c 


k k k SHAW 


41 


concentrated sulphuric acid and titrated with a solution of potassium permanga- 
nate (1 grm. in 1,000 c.c.). The liquids from the control flasks rec|uired respect- 
ively an average of 0*85, 0*75 and 0*85 c.c. of the potassium, pernianganate 
solution before a permanent colouration was obtained. For the entire liquid 
content of each control flask therefore approximately 3*2 c.c. of potassium 
permanganate solution were required. In the case of the three infected flasks 
25 c.c. of the liquid required an average 2*3, 2*2 and 1*9 c.c. of potassium 
permanganate before a permanent coloration was obtained. For the entire 
liquid contents of an infected flask, therefore, an average of 8*4 c.c. of 
potassium permanganate solution was needed. Tims the liquid from the 
infected flasks had more organic matter in solution than that from the uiiinfected 
flasks, and this could only have come from the solution of the cellulose by the 
action of the fxmgus. 

The power of settmg up a rot in ceUiilose tissues does not, however, explain 
the manner in which the fungus gains entry into the stem of the host. This can 
only lesult Irom ingress either at some break in the superficial tissues or from 
direct penetration of the cuticle. An infection in wdiich a minute piece of agar 
culture was placed on the surface of the stem resulted in direct penetration 
of the epidermis and cuticle (Pi. IV, fig. 2) within 12 hours (Experiment JX). 
There exists, however, in this case the possibility that the presence of a small 
piece of agar in contact with the stem may cause a local softening of the cuticle, 
rendering the passage of the fungus more easy than under natural conditions. 
The following experiment was, therefore, carried out with the object of deciding 
whether the fungus could penetrate the uninjured cuticle. Three glass rods 
terminating in a small funnel-shaped expansion w^ere placed upright in the 
soil next to three jute plants so that the edge of each funnel was withiii 1 in.m. 
of a stem. A small piece of an agar culture of the fungus was then placed in 
the bottom of each funnel and the whole enclosed in a lamp chimiiey plugged 
with cotton wool. In the moist atmosphere the hvphse grew out over the edge 
of the fumiel and made contact with the jute stem. A dark stain appeared on the 
stem in the region of infection, but the plants showed no sign of wilting, and 
after a week the infections were opened and portions of the stem from tlie region 
of apparent infection were fixed for microscopic examination. Section.s showed 
clearly that penetration of the stem had taken i)iace, and scattered hyplia), causing 
a local disintegration of the tissues, could be seen in the cortex (PL III, fig. 2). 
Unfortunately in this case cork formation had just commenced, and no cases Ci>iild 
be seen in which hyph^ were directly penetrating the cork layers from the outside. 
The only place at which entry was obvious being in the region of a lenticel. The 
question, therefore, whether the hyphse oi D, Oorchori can ordinarily penetrate the * 
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uninjured cuticle and whether, if so. they do m. by virtue of a K|>ecial cut in- 
dissolving enzyme^ or merely by mechanical pressure, as statisl bv recciit in- 
vestigatois^ in the case of other p,arasites, remains to be settled. It eammt be 
overlooked, however, that in the fiel.l the disease c.aild spread rapidly evi*n 
supposing that the epidermis of the host was impervious in ilm fmiuus. An easy 
pomt of entry is afforded by the numerous lateral lavim-hes u liit li exist as .small drv 
twigs, and ithasalready been mentioned that, in the Jield. a number of inf.-etion,-> 
appear to originate in this way. 

Inoculations. 

_ Inoculatioiis with pure cultures of Diplodi, Vorchorl were first cttrried out 
unng September, 1917. The plants used for the e.xpei'im.mt,- were Iiealthv jute 

stems, o the variety kakya bombai,” .standit.g 7-10 feet Itigb, al-ntu t he el-teni' 
edge of the Pusa crop. 

Exim-ment I. Three plants eachreceived a.stnall taneomial cut -m ihestem 
surlace, andthe womid wasmfected wit], a .small pieeeof agarenlt are of IK ( rrlmi ■ 
two of the plants had the wound infection.s bound np with oiled paper. In eaidi 
case a brown stam appeared at the seat of infection and sjuvad up au.i down the 
stem ; pycmdm and spores rapidly developed on the diVeasial tissue, s and when 
the discoloration had completely ring.id the .stem, the plant witi.ered and lost its 
leaves.^ All the plants were dead in from 10 to I J days after infe<‘tio„, the fungus 
spreaing up and down the stems, which were left st atiding as blackened .sticks^ 
Expemnera ll. Three plants were infected witl, pure cultures of D. Vorchori 
small portions of agar cultures being placed at the base of lateral shoots. There’ 

mtSrtr a nde do not develop 

mther, but are left on the mature plant as short dead twigs. In one of the plants 

smtadr sboots were dead and black and a small brown stdii was 

J • A ^ ® each stem. In the case of the infe,-, ion 

hich had been boimd up, the disease spread rapidly up and down and round the 

stem, as in Experiment 1, and death took place about M .lays after iulcction. 
r^-loW if «’^”»<bu,tly developed and t he fungus was 

fungus was most strongly developed, the bark became cracked and the brmvu 
1 Pear Scab P„ugi 

^BlaekJn. V. H. T Wdsfortt f T 
AnmU of Botany, XXX. July, igig. ’ ’ ' “ tbe Physiology of Parasitism.” 

, • Dey. p! K. ■■ Z the of ^ParStT' ’» XXX, 1916. 

July, 19194 ^ , y gy of Parasitisju. Amah of Botumj, 
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discoloured surface of the wood could be seen. In the other two plants the fungus 
spread up and down one side of the stem but did not succeed in ringing it, and 
these plants retained their leaves as long as their healthy neighbours. 

Experiment II L Three plants were infected with pure cultures of D. Corchort^ 
each plant being wounded by means of a tangential cut on the stem surface. 
These wound infections were all left exposed to the air. Two of the plants died 
within 10 days, the other was not completely ringed by the disease and survived 
longer. 

As the season was now far advanced and the crop was drying off, further iiiocu- 
lation work was stopped. These preliminary experiments had, however, shown 
that the fungus was capable of infecting both unwoimded and wounded 
healthy jute, stems. Inoculation experiments upon green-stemmed C-. capsulatin 
were resumed in 1918. 

Experiment IV, Two pots -were sown with jute on 12th March, 1918, and 
four young plants were infected from an agai culture of D, Corcliori on 22nd April, 
1918. The pot was kept under a large bell jar ; another pot sown at the same time, 
but not infected, wns also kept under a bell jar. The plants in both infected and 
control pots lost their leaves, from being kept under a bell jar, in live days. The 
infections did not take. 

Experiment F. Five plants, spwui in a pot on 12th March, 1918, were infected 
with a young, 48 hour old, agar culture of D. Corchori on 2nd May, 1918. Ifoiir 
of the plants were infected at a leaf base and one on the stem. All the infect- 
ed plants, and an equal number of uninfected plants were kept under bell Jars. 
All the infected leaves wilted and fell off by 7 th May, 1918, and in one case a black 
stain commenced to spread from an infected leaf base up the stem and a micros- 
copic examination sho-wed that DvploMa hyphae w^ere present. No stem damage 
was observed in the other case, and by 13th May, 1918, the plants, both infected 
and control, had become unhealthy from being kept under a bell jar. No delinite 
conclusion as to whether the fungus could infect j’nung jute stems could be draw n 
from these last two experiments, 

Experimera VL Two plants sowii in a pot on 12th xMarch, 1918, \vereinh^^^^ 
from an agar culture, 48 hours old, of D. Cordfiori on 27th May, 1918. The length 
of stem within which the infection w^as done w^as enclosed in a glass lamp chimney, 
the ends of which were plugged wdth cotton avooL After 24 hours a brown stain 
was distinctly visible at the seat of each infection, and by 31st May the discolora- 
tionhad spread and one plant w’-as nearly ringed; in both plants the leaves w^ere vel- 
lowing and falling. Both plants were ringM by a black band by 3rd June, and 
pycnidia and spores w^ere clearly vis^^ on the surface of the diseased 
tissues. One of the plants was completely wilted and dead by 6th June, and an 
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exammationa week later showed tliat Di}Mm Jiyf.}ia;< had travelled through the 
cortex and reached the wood ; cortex and phloem were praclienllv destroyed all 
round the stem for a stretch of several indies. The oi her phtm nmiaiiiwi green 
and healthyin its upper part, desjatethe fact that it als.i was cnmpieidy ringwl by 
the fungus at the seat of infection. An examiiialion of the diseased .seedonof 
the stem showed that the plant had reacted against the parasite and laid formed 
new vascular tissue to one side of, and external to. the old tissue. 

^ Experiment T//. Two plants, sown in a pot on 12ili .March, HtJH. were 
infected from a young agar culture of D. Von-hnri on .‘hxl June. One iilant 

was infected on the stem surface and tlie otlier at the has.* of an axillary shoot • 
both infections were jacketed with lamp diinmeys. A brown stain ap|a-ared at 
the seat of infection in 24 hours, and on 7th Jiine had spread up and down and 

round the stems with the production of pycnidia, ( )ne j.lant .li.*d a k•^v ,hv^ later 

but the second survived with the formation of fresh s ascuiar tissue as nr the lust 
expenment. Controls remained healthy. 

Expermenf. VllL Three plants, .sown in a pot ..n I2fh March. IdhS were 
infected from a young agar culture of D. Corchori m Ttii June, i h IS ; all the infec- 
tions were carried out on the uninjured st.mi surface and w.uv jacket.'. 1 w itli lunin 
chimneys. After 24 hours all infections ha.l taken and a brown .stain was sim-ad- 
mg over about | inch of the stem at the seat of infection. Two of t fie infections 
were removed for microscopic workand the thir.l was l.dt staiulimr. its glass jacket 
W lemovea on 10ft Jme, 1918. Thi,, pl.nf ,li„l will, l.v|,i..al „£ 

DipMta dunng tte nent we*. A charaetemtie of the d».«e«,l ateins 

n a mxnilations and one whieHas also been observed in tlie field, is the longi- 

tadmal splitting of the diseased bait by which the surface of the wood is laid 

f « ^ w ^ “ “‘“■J “Paoitioii of the constituents 

of the bast fibM, and It may be infemd that the fungus has »„ actiou upon the 

infeeS^Tr^' ‘ <"*■'>" Bareli, 1913. we.e 

««madT.n ““■''■‘’."■y”-"?''*™ »fa C.V, Tk,e iiiteetiona 
7a m » Oft T chiiuiiey, in the «1 way. .it 

T a.in. on 9th June, 1918, after 13 hours, the iiiloction, had taken and asm ,11 

b.oOT .tain was spiking on fte stem surlace. Eoft these stems were removed 
and ft. t»u<» toed in chrome-acetie, for mieroseopic enainination. 

bilscS’SiiiuIy '’Sirs '?“■ T “ 

thick at the h.,. 7^ ; a ® *‘‘6'' ““i 1 ioob 

W rfft f u ’ lamp chimney 

Sene 0, the mfeehons took. Smtfhmwnstainsatftepointofinfekiioce^ 
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ill two plants but they did not spread, and the plants remained living and healthy. 
This experiment took place during a period of relatively high temperature. 

All the above inoculations (Experiments IV-X) were inade fmm of 

agar cultures which had originated from a spore infection on agar in Deceinbei’, 
1917. The possibility of the fungus declining in the virulence of its capacity to 
infect the living jute stem owing to prolonged growth in artificial culture could 
not be lost sight of, and a further series of infections from a fresh isolation of the 
fungus was carried out. The fungus was redsolated from spores dining a visit to 
Dacca in xiiigust, 1918, and infected upon living jute plants in tie field. The 
inoculations were carried out on a small plot which was sown with jute on 5th 
March, 1918, and the plants subsequently thinned out to a distance of iS'^ This 
crop grew very well and attained a height of about 14 feet ; at the time of these 
experiments it was just over flowering period. 

Ex;periment XL Infected five plants on 9th Septembeiv 1918, as 
follows: — 

(1) A stem received a small tangential wound about 4 feet above ground 
level and was infected on the wound and the infection bound up with cloth. 
After 48 hours a brown stain was spreading from the seat of infection and 
pycnidia were produced and the plant ringed on 14th September, 191 8. The 
plant wilted and died on 15tli Sej)tember, 1918. 

(2) A stem was infected on a small tangential wound about 4 feet from the 
ground level, but the infection was not bound up and was left exposed to the air. 
The plant was killed by 17th September, 1918. 

(3) Two stems were infected, each at the base of a small lateral shoot about 
4 feet above ground level, and the infections bound up with cloth. One plant 
died on 17th September, 1918, but the other never became completely ringed 
and survived. 

(4) One plant was infected at the base of a lateral shoot but the infection 
was not covered with cloth and remained exposed to the air. The infection 
spread with the usual symptoms but the plant was not completely ringed and 
did not die until 18th October. The plants killed in this expeiiment are shown 
in PL V, fig, 1, 

Ex'perment Z/J. Infected four plants on 11th Septmuber, 1918, as 
follows: — . 

(1) Two stems infected on tangential woimds and infections covered with 
cloth. Both these plants died— one on 19th September, 1918, and the other cin 
25th September, 1918. 

(2) One stem infected on the stem surface and the infected .section enclo.sed 
in a lamp chimney. This plant died on 25th September, 1918, 
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(3) One Item infected on a laterel ehoot and enclosed in a daw, I„m„ 
^nmj. Thi. infection took but did no, ting ibe «c„. ; „,e 

S^rimeet XIU. I„tect«J live idanla n, ,l,e base of 

covered ntfeebons trith clotl, on 20tb Seplembet, ibid. Four infection, ....klone 
plant ™ detd on 28thSepten,ber, 1918, and three other ,,|„n,s ,„.,,ee„ ,« 

October, .918 .ndfiSth Oo, niter, ,918. it, „,i„.r,„i.!,e. . ! 

ody onereeultod n. rapid death of the ho,,. Tl,i, rcsnl, ,h„„ld he am! t!!!! 
the wcatter at the tinte of the infections (l-l. Vill) ; the inllncnce of |,„L,|i„. 
toperato upon the succes, or failure of inoculation, i. c„„..id,.„l l,clo„-,vi,l, 
reference to .some of the inoculations during 1 9 1 9. 

The following experiments were carried out iji 1910 

Xir. Inthi, e.vperi,ne,„ fhe i„„cni„,'i„„s 

piece of an actively growing agar culture of D. ('arrUiou th.' llm. 1 

jacketing this section of the stem with a gla.<s lamp cliinmcv The ,V t 
grown from seed sowm on 5th March, 1919^ ^ 

of gJ’een C. capsvkms, two jilants of red C. nnmihri'^ 'niri (wo 

of red a. ofitorm were infected on 27 th June 19I«. ■.( in ^ I f 

ditoriits ^ ts nor the 

» m tTo “"'t -- ‘-x-- 

^ No result was obtained on red C. 


on.,»to,.ach“4:rdei;c;::!STtri r“ 

the infections unon P • j-i. I * •, Vi, hg. jy 

t^bnt«..tsuo«edtorin^t:o~M^rpta‘“‘^^ 

«-.d^:e:yrwrti“.h~r:?r:^ r> 

stcto sn^acc and were n.!tL« in ^ wT' 
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(a) Three plants of green 0. mpsuhris were infected at 10 a.m. on 15th July 
in the axils of lateral shoots ; two others were infected in a similar situation 
after making a small tangential cut on the stem surface and one was infected in a 
small cut at the base of the stem. All the wound infections and one of the 
infections upon the uninjured stem took and produced a brown rot at the seat 
of infection within 24 hours. These plants all died from 7-14 days after infection 
(PI. V, fig. 2). In the remaining two infections on uninjured stems the inoculum 
was lost, probably washed away by rain, in the 24 hours succeeding the 
inoculation. 

(b) Six plants of red (7. capsularis and six plants of red G, olitorius were 
infected on 7th August at 11 a.m. ; three plants of each variety were wounded. 
All wound infections took, with the usual symptoms of black band,’' but in 
the case of the infections upon uninjured stems the inoculum in each case dried 
up and failed to infect the stem. The three wounded plants of red capsularis 
and one plant of red olitorius died 12 days after inoculation. In the remaining 
two wound infections on red olitorius the infection produced a black stain 
rimning up and down the stem, but did not succeed in ringing and killing the 
plant. 

(c) Three plants of red C. capsularis and three plants of red C, oliiorius were 
infected on the uninjured stem surface on 13th August at 10 a.m. The stem, at 
the seat of infection, was lightly covered with a small piece of cloth tied above 
and below the inoculum. Two of the infections upon red eapsularis and one upon 
red olitorius succeeded in producing the typical discoloration on the stem but the 
plants were not ringed and did not succimib to the disease. 

In this experiment, therefore, infections in the field were much less successful 
upon red C, capsularis BjiA. red C. olitorius than upon green C. capsularis. Under 
the conditions prevailing at the time of the inoculations the two red-stemmed 
varieties seemed less susceptible than the green-stemmed. 

Experiment XVL All the infections in this experiment were carried out on 
uninjured stems of green 0. capsularis in the field ; each infection was covered 
with a small strip of thin white cloth. Controls with sterile agar were set up 
in each case. 

{a) On 23rd August at 11 a.m. 22 plants were infected. In only five cases 
were there any signs of the infection taking and only one plant died, 

{h) On 28th August at 6 p.m. 12 plants were infected. All these infections 
took and 8 plants died. The first plant wilted on 4th September and 8 plants were 
dead by 26th September, when the experiment was closed. 

(c) On 14th September at 11 a.m. 12 plants were infected. Nine plants were 
killed by the fungus, during the next three or four weeb?, 
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(cZ) Oa 18th September at4-30p.m. II plants were jnfecifi]. Si.x plants were 
killed by the fungus. J'<*m.s«ere 

In this experiment, therefore, there were m.arice.! .lilhuenre,. in the roMilts 
with a series of identical infections. The control.^ remain, -d healtl.v 
throughout. • 

XVII. On 14th September at 11 a.m. twelve plants of risi- 
stemmed C. ohtorius were infected. The infections vveie carried out uj„,a ,|ie 
uninjured .stem and were covered with small strips of cloth as in the previ.unt 
experiment. Ten infection.s took, producing the typi.'al " black band " on tiie 
stem. The experiment was closed before the jtlmus were kiihsl hy the fungus. 

Experiment XV III. All infections hi this experiment were carried out on 
late sown plants of green eapmhrk-the {Jants were grown in jh., cnltures front 
seed sown on 20th June. 

{«) Three plants, each abont 12" high, were infecteti o,t 2:i,d at l(i a m 
M infections were jacketed with lamj, chimneys, m.d three controls. t’omistinJ of 
^antewith a immite piece of .sterile .agar on the stem, were also jatketed. 

2tth.Julyoneoftheinfeet«lplantsw-asdead,,h,Me,,t.ai,,i,^ both inoculated 

and controls, reinainod healtliy. 

experiment was a repetition of t he last ; t he infect ions wcie made on 
August at 11 a.m. Of three plants iiifeeted one was killed bv 4f li August 

—the remaining infectaous did not take. ‘ 

(c) On 25th July at 10 a.m. twelve plants were infected ; these plants were 
not jacketed with lamp chiimieys and the p.ts were stan.ling in t he omm air on a 
verandah One plant was killed by the fungus, the reniaiiiitg J J phu ts were not 

affected, the moculum drying up. o r ''Ut not 

of 10 a.m. these eleven plants were agtiin infected Six 

Factors in the Incidence of the Disease 

^mgal and Amm for many years past : therefore in the .season ]!I17 when the 
of '“7 

fUfflcdCrSl*' “J">P“taoio ioa M great 

..ia, .0 elaag, ig i;..oreCr«: 
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the growth of the parasite or to a condition directly favouring the development 
of the parasite ; or both these factors may operate at once. 

In dealing wdth a fungal disease one of the first factors to be considered is the 
variation bet^yeen the climates of different years. It has already been nientioned 
that the disease develops most severely upon the mature plant, the crucial months 
being usually August and September. The principal features of the climate in these 
months in 1917, 1918, and 1919 are shown on Plates VII, VIII, and IX from which 
it appears that these months in 1917 in Bihar were generally more humid and 
cooler than the corresponding periods in 1918 and 1919. These two factors of 
temperature and humidity probably affected both parasite and host ; the ■weather 
of 1917 being in respect of its higher humidity more favourable to the fungus and 
delaying the ripening of the crop, thus giving the parasite more time to act. Such a 
correlation between humidity and disease is by no means uncommon. Thus the 
determining factor in the incidence of wheat rust in certain parts of India appears 
to be the atmospheric humidity during the early months of the year.^ 

The influence of climate on the incidence of '‘ black band ” disease was further 
emphasized by a study of the weather conditions during the inoculation experi- 
ments of 1919. In certain cases (Experiments XYa and XVI6, c, d) the percentage 
of successful infections was high, while in others (Experiment XVIa) the inocula- 
tions were a failure. It is suggested, by a comparison of the dates on wliich 
infections were made with the conditions of temperature and humidity prevailing at 
the time (PL IX), that the successful inoculations were those wdiicli coincided with 
a relatively high humidity, and that inoculations which failed were those carried 
out during a period of lower humidity and higher temperature. All these infec- 
tions were carried out on kakya bombai ” in the field, and for a complete investi- 
gation of the influence of climate on infection a detailed record of humidity and 
temperature actually recorded in the jute field during a series of infections is 
required. It is not possible to give these data at present but Plates X and XI 
show a complete record for these conditions during Experiments XVh?., h and 
XVIIIc, (?, obtained from a h 3 ?'grometer working in a laboratory within a short 
distance of the site of the experiments. A more numerous series of observations 
is needed to establish the relations between humidity and temperature, and the 
success or failure of inoculations. It may be recalled, however, that in certain 
cases the limits of humidity -within which infections can occur have been proved 
to be relatively narrow. Thus it is stated 2 that infections of wheat with 
Puccinia gmminis tritici do not succeed below a humidity of 95 per cent, at a 

/Butler, K J. Fungi and Disease in Hants.” Tiiacker, Spink & Co.. Calcutta, 1918. 

p. 110. 

2 La,iiritzen,J. L. “ Relations of Temperature and Humidity to Infection by certain 

Vol. IX, Jan., 191^^ ' " 
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temperature of 68 i., and tlat the range of infection of fH-un 
wrth Odlmridmn Lnulemufhiumm (Sacc. et .Magn.) l?iv. .V fav. !i..s J,env,*en 
- per cent, and 100 ])er cent, at a teiiiperatureof fi-s K. In the c,,v,. of iniel- 
wheat {Fagopi/nmi r^culMum Jlronch.) «-itli Puinppuu, ih,. ,.'inae 

of infection at 77^F. lies between 90 p -r cent, and luo ,,, 'JJ ^ 

The fact that late so™ jute, and generally the .^nailer sunn.^ e.eane ,1.^ 
i^easeh^ been frequently mentioned and sngg.st.s a method of rai.dng a .-lean seed 
crop. Of the cause of this relatiro innniinity in lam suun jute littl.^ b ■ ’ i 

at present ; that the immunity of late .sown jure i.s not al.^ulute is .dmwn iVX 
successful infections in Exi>criment XVIII. It is noteu . „1 h v i h it ^vh >, f ' 

late pi.,,,, ™‘' T 

.ttaekeabpfted^ ; 

imy perhaps be due to some .aii,itoniiMl ,liir„,.|K,. ii, " 

•miers the .mraller sle,„ less I , 

or more probably that the development of a l n-e's,..m1 V 

physiological condition whidnmiers it a nunc fuvmnn hi- ^ ' ''""H'Hed with some 

Other cases in which the host nl'otUs, * -I 'l ‘ * he para.dte. 

*„ iu the mature ::Z,:Z ti:" ?" “"tT 

Distnct being, case tvfthin the writer's e.™.rieuee a„J,.n 

■P P^greas on the composiUon o( jute steur, fc„„ ia,e sud "’h"'* 

™ noj at p,e«nt. suffldmtly .dva„c«l of a 

•"ggestton. m the results obtained up to date that the 1 ' ''™ '» “ 

..cher^sod. (.aaCaudsdphudo aSd (^iKrthr?;:::::.™;:^: 

Field Experiments. 

Durmg the process 6f threishing out iute sepri if i • 

number of spores of Zl.CordW-i would bpp ■ ■ lhat a large 

to disseminate the disease in the next 

samples of jute seed from a badlv ri' \ ‘ c-vamination of 

fp- amoig i^rt:e Cho:::^, z ?r;": 

m the jute-growing districts suggested that the m-o ^ PJ‘<‘-^<‘iit 

the seed would not prove a veryT^t a^l ? 

As, however, the Bihar seed cron wi,« f i amount of disease. 

districts of Bengal in smaU packets, it was Li^L^d adri's^bf 7 
pendmg the results of experiments desivnPil f r ^ f ^ ® ismfect the seed, 
any influence m lessening the incidence of the pL^te <ihsinfeclion had 

jute seed could be steeped for 10 minutes m a 9 ^ ' showed that 
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inhibit tlie germination of the spores of D. Gorchori In 1918, and in 1919, therefore, 
the whole of the jute seed crop of Bihar was disinfected in this manijer before 
despatch to Bengal, and in these years the experiments detailed below were carried 
oat in Pusa and the vicinity to test W'hether tins treatment had any effect on the 
incidence of the disease. 

In 1918 the following field experiments were made : — - 

Plots A and B, Two plots, each about ^Vl^h of an acre, were sown on 
5tli March with jute seed (‘' '' kakya bombai obtained from the diseased Pusa crop of 
1917. This seed had not been treated by steeping in copper sul|)hate solution^ 
but the land had not been under jute for over 20 years and no other jute was in 
the vicinity. One plot (A) was thimied out to a distance of 18''' between plants, 
the other plot (B) was not thinned. Both plots gave a good cro]>. In the crop 
which had been thinned out the plants reached a height of 14 feet and a tluckness 
of 1-1 inches, but in the crop which was not tliimied the plants only reached a 
height of 8 feet and the stems were much thinner. The plots were kept imder obser- 
vation throughout the season, and were cut and harvested on 5th November ; 
the Diplo<im disease was practically absent, only some half dozen infected plants 
occurring in each plot. 

Plots C and D. These were a repetition of the two previous plots, Plot 0 
being thinned out, and gave the same result. 

From these experiments in which disease-free soil was sown with untreated 
seed, and in which the disease failed to appear to any appreciable extent, it 
may be inferred that the spread of the disease through spores mingled with the 
seed is not very serious. 

Plots B and F\ Two plots, each about |th acre, were sown with treated 
jute seed kakya bombai ”) on 1st March. The plots were situated in a portion 
of the field in which jute had been grown during the i3revious season and where 
the disease had been particularly bad. Unfortunately owing to deficiency of 
moisture during March and April, the seed did not germinate and the plots had 
to be resown at the end of April. Germination when it did take place was 
late and the crop in size and appearance resemblecl the ordinary late sown 
crop. Owing also to irregularity in germination in both plots the plants 
were fairly widely separated arid the original intention of tliinning out one 
plot was useless. Both these plots showed more Diplodia disease tlian the 
previous plots. Thus Plot E had 67 plants infected with Diplodia and Plot F 
had 54 plants infected wfrh 

In this experinieiit, therefore, a crop, which was virtually a late sown 
crop , grown from treated seed, developed the disease when grown in laiul 
which had carried diseased jute during the previous season. 
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_ PM ^. %h. pht. about |th acBs was ^ituau-.l oufsM,. 

h^mt been under jute for many years and whi-h bad ,„.,r , 

The crop was gnnvn from treated seerl (-k-akva bundui ’ | 1 hi, M 

The plot was about J acre i„ si.e and gm niina.i.n «as a, ,u , . ’• 

to deficiency of The crop did no, macb a ;:l!:i ,V' i: l!;::?' 

fairly thick m the stem ; one end .suffered c..n>ideral.lv from Ib.odhi ^ T 1 
were about 60 cases of in thi,s croj-. ' 

In 1919 a further series of field e.xperiment.s made 
^ Plots A and C. These plots were .sown ni,]i.seedoi “ Inlvi 1 l ■» 
about oth March, the former with treated and tin. Latter li,b ill 
D.Goreho)tv,>is practically alwenf in both the.se plots onlv.^mie '! ■ i • ' 

could be seen. A crop of tWe/m/nw o///o/-o/.s iii i'],,, h’.„, i' ' T' 

0.ca^aru in Plot I) also remained free from the dise.Iir' ' 

Idiots Mt iOld/ 3 , T}i 6»S6 t\V< i nliif » T 

again sown with jute of the variety ‘-'kakva boLt'' i 

been steeped in a, solution of copper sulphate 'and ,bi Tni I "l 

since 1917. In 1919, tlierefore, germlatio;; wn.l ver^ s 

were resowm on 4th July nft.>r ti,„ ' Ihtth plots 

tie Mmbsr of stems intectrf «-ii], n “ JiOhiiI, plots 

sbont 13 cases could be found wlmi tlio cr "''-’''S'’’'''' 

Tta. in aese plot, .be dl^ ''' 

season. *'**■' !han in the previous 

Plots H and K. About Ird of each nlof „ 
red-stemmed variety of Corchoms mpmdJis '^ndthr '' ^ 

bombai.” These plots were si+naL t • , ^ ^ “ kakya 

diseased jute in 1918. Both the varief^'^ 

2 per cent, copper sulphate Plot H ^eeii .steeped in 

cases of D. Oorchori among the “ kakv-alm 1 31 

the red-stemmed variety ‘fa pjot ‘^"b' « cases in 

germination and groYHh having been betf'! 

we« cas. Of a Cos 'I' ■Jr'’’* 

cases m the red -stemmed variety 8teius an<! M 

result agrees with the result from fofeclr This 

varieties of jute (see Exp. XV) but at tliP “P°^ red and greeu-sstemmed 

of flat tbe disea* cau infect rsd^stetlt ‘T •‘“o “ ““ ’“t sight 

record at Dacca in 1319 , ® 'n file field as is shown by the 
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Plots M and N. These plots, each about Jth acre, were selected in good 
laud which had never carried jute before. Plot M was sown on 5th March 
with seed of “ kakya bonibai which had been treated by steeping in copper 
sulphate solution, and Plot N was sown on the same date with seed which had 
not been so treated. Both plots gave an excellent crop of jute 9-11 feet in 
height. In both plots nearly the same number of stems 'were diseased owing 
to D. Qorchori—76 stems in Plot M and 56 in Plot N*. 

As a result of these field experiments, particularly from a consideration of 
Plots M and N in 1919, it cannot be said that seed steeping in a solution of 
copper sulphate has any influence on the severity of the disease, and, therefore, 
as mentioned above, the dissemination of the disease cannot take place to 
any appreciable extent through spores of D. Corchori mingled with the jute 
seed. The percentage of disease was also not to any extent greater in those 
plots which had been under jute for two or more successive seasons. 


Conclusions. 

The present investigation has shown that — 

(1) Di'plodia Corchori Syd. is a parasite of the jute plant. 

(2) The disease occurs after flowering and threatens the seed crop. 

(3) The fungus is widely distributed in jute-growing districts. 

(4) The intensity of the disease varies greatly from one season to 
another. 

(6) The disease is most severe on large, well-grown stems, and infection 
takes place more readily upon green-stemmed than upon red-stemmed 
varieties. 

Further research is required to show the precise mode of infection, the 
limits of temperature and humidity under which infection w^ill take place, and 
the qualities which render the late sown crop resistant to the disease. Direct 
treatment against a disease such as this is scarcely possible in the case of the 
jute crop, and we must look to an increased knowdedge of the factors which 
condition success in the life of the j)arasite, and to the possibility of modifying 
these factors by alterations in the culture of the host, for the effective control 
of this disease. 

Any disease which threatens the jute plant might, in view^ of the imporr 
tance of this crop in the economic life of Bengal, become a factor of grave 
agricultural importance. It is a matter of congratulation that the crop is 
generally f3:ee from fungal disease and that the parasite, w^hich forms the 
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subject of the present paper, is not a sou ree of .ianper t o t he j, 1 ,ro 
stem rot of the jute plant is caused by a fuufin.*. which Im,- 
m Japan as J/mvop/zoma CWc/euv- .Saw. TJiis fu)iyii>. o, ( 
where its depredations are not confiiied to il,o jiiie ci,,p. and v 

for a later eorriiHiinicato 
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LIST OF ILLUSTEATIONS. 


Plate I. Fig. 1. A jute plant (0. showing the coninieacement 

of an infection, x 1/12. 

„ 2. The same, x 3/2. 

„ 3. A stem covered with pycnidia in the final stages of 

the disease. ;< 3 2. 

Plate II. Fig. 1. Microphotograph of a section of the cortex of a 
diseased stem showing three pycnidia of D. GorcJwri. 
X 90. 

„ 2. Pycnidium of D. Oorchori. x 500. 

Plate III. Fig. 1. Germinating spores of D. Oorchori. x 600. 

„ 2. Section of cortex showing a hypha of D. Oorchori 

setting up disintegration in the cells. From the 
inoculation described on page 43. x 600. 

Plate IV. Fig. 1. Section of the cortex showing an early stage in an 
infection. The diseased tissue is visible between’ the 
marks X X and is confined to the outer layers of the 
cortex. X 90. 

„ 2. A section of epidermis and cortex showing a hypha 

penetrating an epidermal cell, x 600. 

Plate V. Fig. 1. Photograph showing three jute plants {0. capsularis, 
variety “ kakya bombai ”) dead as the result of 
inoculation with D. Oorc/zori. 

„ 2. Three plants of “kakya bombai.” The left hand 

plant healthy. Centre plant wtinilg as the result of 
' inoculation at the place on stem opposite the pointer. 

Fight hand plant inoculated at the base of the lateral 
shoot, opposite pointer. This lateral shoot is dead, 
the main stem is not yet completely ringed and 
remains healthy. 
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VI. Kg. 1. Infatt,.. 

mpmlaris. Right hand plant 'riltlng. 

» 2. Five plants of late .«own jute (0. ■' fcakva 

bombai -). Four plants. , narked hy strips of white 
cloth tied on stem, am dead a.s the re.sult of infection 

fifth plant, not infected. 

IS healthy. 

Plates VII, VIII. IX. Temperature and 8 a.ru. humidity curves of July 
. •'^“gost, September, 1917, iai8, ]9]<p 

Plates X, XI. Curves of humidity and temperature during periods of 

Experiments XVla & 6 and XVIII c & d. 
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1. Microphotograph of a section of the cortex a diseased Fig. 2. Pycnidium of D. Corchoti ( x500). 

stem showing three pycnidia of Z). CorcAorf ( x90 ). 









PLATE IV 
























PLATE VlfL 



ui 

H 

a. 

Id 


) 

5 


) 

Ih 

03 


i July, August, and September 1918. 
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MORPHOLOGY AND PARASITISM OF 
ACmmEOIUMPENNISETin.^!?. 

(A NEW DISEASE Of PENN ISETUM TYPEOIDEUMA 


MANORANJAN MITEA, M.Sc., 

First Assistant to the Imperial Mycologist 
f Received for publication oa 2ad June, 1920.] 

1. Inteoduction. 

Pemiisetum tfpKoUh^^^^ RicL (vein. Bajra) is a tall, erect grass of African 
origin. The total area iiiidsr it in India is about 13,320,250 acres, }delding 
2,197,425 tons of grain. In the order of importance it takes the fourth position 
among the cereals, foilowing rice, wheat and It is very commonly 

cultivated in North-West, Cent and Southern India, as a cereal food and 
also for fodder. In the Bombay Presidency the area occupied by it is consi- 
derably over 4 million acres, and in many parts it forms the staple food of the 
people. It is generally sown in June, and the crop ripens in September. In Sind 
and Rajputana, it is the most important crop. In Madras and the Punjab, 
it is grown to a very great extent and is used both as a staple food and fodder. 

The number of fungus diseases hitherto reported as attacking this crop in 
India is not large : Selerospom gniminicola (Sacc.) Schroet., Puccima Penniseti 
Zimm., and Tolgposporium PenwMlaricB Bref. being the chief. ^ 

A parasitic species of AcmtheGium is very common on Ba jra at Pusa, which 
occurs every year and seems to cause considerable damage. It has never been 
recorded before, though its presence is noticed on diseased ears occasionally 
sent to Pusa from outside. Thus the fungus was found on ears sent to the 
Imperial Mycologist by the Superintendent, Government Farm, Alibag 
(Bombay), in 1919.^ 

The genus Acrothecium is a Deuteromycete belonging to the group Dema- 
tiacese, Phragmosporae. The chief characteristic of this genus is that the 

^ AgrL Statistics of India, 191S“19, Vol. I. 

^ Butler, E, J, *‘Fungi aud Disease in Plants, ” 1918, pp, 218 — 226. 

* Since this paper was submitted for publication, the writer has found it to be very 
common at Cawnpore, Hansi, Amritsar, Gurdaspur, Lahore and Lyallpur. 
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coni(lio])[iore k simple, erect, and of dark colour, aii.l lu'ur.s a oroup of two to 
many-celled, dark-coloured conidia at its tij). 

There are .several .species ui Acrotheixm recuitly found at Pu.sa on various 
ho.sts, viz., Jowar {Sorghum vuk/ure). maize {Z,m ‘liu//,v). rice (Orgzu mtiva), 
and wild grasses such as Aiidropogoii and Paitmuu. and all these have been 
brought into culture and are, under investigation. 

2. The disea.se : Its description. 

At Pusa, the organism appears on leaves, leaf-sheaths, and on ears. Since 
it is most common on the leave.s, the disca.se may be calle.l " leaf spot or leaf 
blight of hajra.” 

(«) Appearance on the leaves. In the lieginning the infected leaves show 
small jellowish-brown spots which gradually spreail moiv in the longitudinal 
direction and become oval or oblong. Tlie centre of t he spot soon changes to 
a dirty brown colour, around which the margin remains vellow. Sornmimes the 
spots coalesce and form irregular p.atches. They are uu«t freipient toward.s the 
edge of the leaf, and in cases where they are situated near each other thev soon 
run together, unite and form a big spot, killing the ti.ssue along the margin 
of the leaf and gradually extending towards the midrib. Frequently both 
margins are infected and the, whole leaf is gradually killed. The spots occur 
on the midrib ako, especially on tho.se of young leaves and. in severe cases, 
even on the leaf-sheaths. Very often tlie infection begin, s from the tip of 
drooping leaves and goes on increashig and extending towards the base, either 
along the margin or along the midrib or both together. The infected portion 
of the leaf becomes brittle with age. The disease begins from the lower 
eaves, then gradually spreails and attacks the upper leaves. In the lower 
leaves the infection begins from the tip of the drooping leaves which either 
touch the soil or are vexy near to it. 

From the observation made at Pusa in 1919, it has been found that the 
disease makes its appearance in June on the lower half-dead leaves of yoimg 
plants, but IS as,sociated with many other saprophytic organisms. With the 
increase of rainfall in July, it becomes more and more prominent and is fomid 

e ower ea\ es of a large number of plants. In August and September it is 

a so found on the upper leaves. Towards the middle of September (in 1919), 

almost all bajra plants were found to be more or less affected. The spread of 

the disease is facilitated by the moisture which the tip and margin of the leaves 

re am uring t le monsoon on account of their being a little up-turned (Plate I, 
hgs. 1 and 2). . x \ ^ 

.Iso »re .tucked by ttalmigu, (Piste I, lig. SJ, Tk„ a»d p.I» of the 
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flowers show tlie preBeiice of this fungus. The infection begins from the tip of 
the floret and gradually the whole spikelet gets infected. From the first 
scattered infected spikelets the attack spreads to those in the neighbourhood, 
and in a badly infected ear very few normal grains are formed. When once the 
ear is weakened by the disease, other fungi also make their appearance. An 
infected flower shows a tuft of black mould at its tip, and inside mycelium is 
found in the ovary and anthers. Plate I, fig. 3, shows an ear which was 
inoculated in a few places. 

3. The ECONOMIO IMPORTANCE. 

The organism appears to cause considerable damage to the leaves and ears 
oi bajra and afiects the growth and production of sound and healthy grains. 
It hinders the assimilation of carbon dioxide by the leaves and thus the plant is 
starved to some extent. Further information as to the amount of damage it 
does to the crop in years when the attack is severe is required. 

4, The morpholocy op the pungus on the host. 

Mye^Uum, The mycelium consists of septate hyaline hypli^ which 
ramify in the tissues of the host. It is olive brown in colour where conidio- 
phores are given off. It is both intra and inter-cellular, and is found in all 
parts of the diseased tissues, even in the cells of the endodermis, sclerenchyina 
and vessels. Haustoria are not present. 

Oomdiophores (Plate II, figs. 1 and 2) are present in greater number in the 
central dead portion of the spot and they gradually get lesser and lesser towards 
the margin. They come out from the stomata of the leaf blade and midrib. 
They are amphigenous, solitary, fasciculate, rigid, erect, straight or slightly 
nodulose or bent ; simple and 3—5 septate. Earely they are forked near the tip 
(Plate II, fig, 2a). In colour they are olive brown to dirty brown with paler 
tips which are either swollen or flexuous. The base sometimes is also swollen. 
They measure 68*4 — 154 ju. long and 5*8— 8*7 broad. 

Conidia ( Plate II, fig. 3) are clavate, pear-shaped, or elongated, straight 
or slightly bent, tliick-walled, 2-3 septate, light olive-brown to dirty brown 
in colour, end cells lightly coloured and middle one broader and darker,* They 
are constricted at the septa and are borne at the tip of the conidiophore in 
groups of 2—5. Very rarely conidia on the sides of the conidiophore below 
the tip are noticed. They measure 25— 41*8/t x 12*5— 20/*. 

6. vGunTURES. 

Pure cultures w^ere obtained several times from typical leaf spots by 
single spore isolations from- poured plates. The spores germinate freely 
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Sometimes two germ tubes come out fi-om nvo 'points in m. ^ 

TT r\ • T m one extremity 

( - , 6) or >x single germ tube which at once bifurc ites Thp t, i ‘ 

»' t- - 

and is incubated a free <>f <1i«ti]led water 

probably dn » r ' i conidiopliores and conidiu resuits. This is 

the«poIthocS,t Somet,,™*. ,„,,„,„1 „f „,,, t„„„.ri„„ rf conidf. 

/“r*” """":■ *" ““'"“t gtaco* 

bHf it d ® eo usely. Jo the Wgiuiiiiig tile aerial iiiveelium is pale 

and r ^ The submerged 

and anastomoin™ ,:i ^ * '* goes on branching 

of the BamTsIrt tt,“ Srlr'“l ™ 
characters of the conidionhorpo ^»'uch difference in the 

on the host. They generally bea ^9 f already described 

bat sop>,Hp,es Z ZTo^’" : "‘ <*’*■“” «' «S»- 

» «a.ll bud* T ““" “ ““ ^''^'‘■ 

and thus a co^diL h fomcd”’' t'fi T” 
to on. till , group of 2 _b i, ** °“ ““ “0*". 

on th^Xj’the ‘ “Tl °* “”“’5 “ “» «!>• 

group of oonidia at the tip, lee^s ii*™ “”"*‘°I’**‘’“> •*‘® P“ducing 

:*.T ’ . growth, and produces another group, 

t er remains adherent or gradually gets detached. In 
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tie latter case the conidiophores are quite long, and are angularly bent and 
nodulose at the pomt where there has been a formation of couidia This for 
mation of secondary sets of conidia takes place in old cultures and, to a some- 
what lesser extent, m cultmes that are taken out of the tube and incubated 
for some days on slides. When the conidiophore is formed at the end of a 
hypha (Plate II, figs. 4, 6), it is distinguished from other hvph» by its colour 
which turns distmctly deeper from a particular septum. 

Thn characteristics of conidia have already been described, but those 
produced in culture are sHghtly smaller in size than those found in the field 
The accompanying curve ( rext-iigura) is drawn to compare the length and 
breadth of conidia m nature and in artificial culture. TUe conidia generally 

vm uniseptate ones are formed 

(Plate 111, f]g. 11) 



The formation of chlamydospores takes place in most of the cultures. 
The cells of a hypha swell up singl;f or sometimes in a long line, become spherical 
or oval 111 shape, later on become thick-walled and, as the culture gets old 
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turn broTO or greyish brown in colour. These chlamydos 
united in a chain or separate, and often germinate to .dve 
(Plate III, figs. 1—3). 

(c) Growth of fungus on different culture media. A compi 
growth of the fungus has been made on 20 dillerent eul 
tubes of each medium were inoculated on t he same day and r 
kept at the room temperature which uas betneen 20 an 
known reaction were employed and the reaction of each is 
cultural description. AH the media used were acid jn reac 

+ -2 to -f- 0 Fuller s scale. The composit ion cd the media is 
in the Appendix (p. 72). 

^ ^ The fungus can grow well on most media tried, but dc 
puce agar, wheat broth agar, nutrient glucose agar and 
In all of these growth was profuse and tlie mycelium .^jjre; 
walls of the tubes. Coiiidia were formed in large number 
ean agar, oji which only a few’ .spores were observed. 0 
media, potato juice agar and wheat broth agar were the hes 
the growth and production of spores. Ee.«idcs these a fair 
fomid on the other meal agars described below. The gro^ 
glycerine agar, cellulose agar and on corn leaf jiiici agar. Dot 

on all the media are given below. 

1 . Potato juice agar ( +6 Fuller’s scale). The grow 
medium. Woollv aerial 
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glucose agar, but less luxuriant. Conidia numerous, sometimes 
on tie sides of tlie coiiidiopliores, 22 *5“30/iX 12*5— 16‘2|Dt in 
diameter. Chlamydospores are also formed. 

Wlmd broth agar. Growth profuse, nearly as good as No. 1. The 
medium in the beginning is slightly pink in colour along the 
margin, but the main portion is grey. After a few days, the 
marginal pinkish colour turns slightly yellow and the main portion 
darkens. Aerial mycelium is produced in a sufliciently large 
amount and almost fills the tube. Hyphse subhyaline to greyish 
brown and up to 7 /x in diameter. Spore formation copious and 
begins when the culture is only two days old. Conidia 2 — 5 at the 
tip of conidiopliore, but often only one and occasionally up to 8 are 
noticed. Secondary sets of conidia are also frequently formed. 
They measure 25 — 35/xX 12 *5 — 15/x, 

meal agar (+2 Fuller’s scale). The growth of the fungus is 
crowded or compact. First the medium gets pink townrds the 
margin, then gradually changes into light greenish grey. This 
colour predominates for some time in the whole medium and 
then, as the culture ages, it changes into dark yello'w. Hyphee 
subhyaline to dark grey and up to I'bfx in diameter. Spore 
formation fair and conidia 25— 32*5/x x 12*5^ — 15/;. in diameter. 

French-bean agar ( +8 Fuller’s scale), A good growth with abundant 
aerial mycelium almost filling the tube within 7 or 8 days. The 
medium is first grey, then dark in colour, Hyphse remain either 
sterile or very few spores are formed, hut there is a great develop- 
ment of chlamydospores. The conidia are 27*5/t long and 15/^ 
broad . 

Nutrient glucose agar {+b Fuller’s scale). - Copious w^oolly aerial 
growth. Aerial hyphse greyish brown in colour. The medium in 
the beginning becomeslight pink and this later on turns into dark 
brown. Aerial hyphm after some days change into olive brown. 
Spore formation begins when the culture is 3 or 4 days bid and 
conidia are for med in large numbers. They measure 25 — 37 'S/x x 
12*5— 20/x. Besides this formation of spores, chlamydospores of 
a dirty brown colour are produced in fairly large numbers. 

me meal agar (+4 Fuller’s scale). The growth is fair and slightly 
pink in colour as in thb last medium. With age, the liyphss 
become darker in colotir. The margin of the medium changes to 
pinkish yellow. Spore formation poor. The conidia measure 
22*5— 37*6iaxl0— 16*2i/. 
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Jowur med agaH-^2WuaeT'. Bcale). Growth a.iatj,eWt After 
a few days the medium becmnes light yellow in eolour Few 
chlamydospores occur. Conidla are formed in fairiv hr., 
numbers. ■ They measure : " ' ■ ” ^ 

Joioar le^ juice agar. The growth is a]mo.st submerged, but there h 
abuudant spore formation. Conidioplmres are tftJn irngu^Iy 

ent and nodulose. The conidia measure 17 -S- Sr/tx 12 

meal agar (+3 Fuller’s scale). The growth is Juor The 
Wph« are dark grey. The medium is dark yellow near the 
maigm. jundaut spore formation takes place and the conidia 

measure 25--32-5gxl2-(i-lf>-2^. - < «mwu 

3I- lactose agar (4-6 Fuller-.s si-ale,. The growth i. poor 

^Vithage thered colourofthe iit. mis changes into blue and then' 

darker, shownigtha^ 

Jew chlamydospores are formed. Spore humaiion is poo,. ,,nd 

the conidia rneasure 22-5~--32-5gxl(>---I6-2/i. 

Bertrose agar (-(-2 Fuller’s scale). Growth i.s poor. Aerial mvce 

1 ml ^ .N,, f 

Comdia measure 25---3CjttX 12-5-- -log. 4* ’ 

Omnrnl agar (-^2 Fuller’s scale). Growth fair and crowded. No 
chlamydospore formation. Spores form in large numbers and 

measure 22 •5—32 -5x10— 16 -2^. and 

Glycerine agar (-1-6 Fuller’s seahl v.,... , 

, , ", juiieis scale). Very poor growth The 

later on the hyph^ become grey. A good many chlamydospores 
are formed. Conidium formation fair and conid h 
22-5-32-5gxl0-15g '^omdia measure 

g vj in this medium. For the fimt few days there was little 
growth and a few chlamydospores were produced. Spore forma- 

3rrxl2-^l1“'"^ measurement the conidia are 25- 

16. Starch agar (-f4 Fuller’s scale). The growth in the beginning is 
poor, but after a few days it improves. The growth is Lb-aerial 
with some submerged. The medium becomes dark grey. No 

numZs“^T^ place. Conidia m 

numbers and measure 20— 3C#*X10— 16;2w ^ 

pm m the begmnmg, but bter on it change* into darl g,ey. 
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14. 


15 
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The medium gradually turns yellow in colour'. Spore formation 
copious as in wheat broth agar. In measurement the couidia 
are22-5-32f^XlO— 16|i. 

18. Corn leaf juice agar (+3 Fuller’s scale). The growth is bad and 

almost entirely submerged. Very few spores are formed. 

19. Naegelis nutrient solution. Growth very poor. Very little 

aerial mycelium. 

20. Cohn’s nutrient solution. As in the above, here also growth is 

poor with very little aerial myceliirm. 

From the study of the fungus in the above media it is found that some 
media are favourable for the formation of a large number of spores and some 
for the formation of chlamydospores ; while some are good for both. A few 
media are unfavourable either for growth or formation of spores and chlamy- 
tlospores. In some media spores are nearly of the same size as those found on 
the host under field conditions and in some they are much smaller. The 
perfe-t stage of the fungus does not occur on any of the above media, nor has it 
been found on the host. i 

(d) The effect of reaction of media. This experiment was run in duplicate 
using glucose agar. Twenty tubes were inoculated, two of each reaction, 
ranging from — 15 to+3t) Fuller’s scale-* 

Table I. 


Tube No. 


Reaction 


-16 Rnller’s 
scale 


Growth after 
12 days 


Very good 
Very good 


Very poo' 


Remarks 


■ Growth poor but spore formation copious. 

In the beginning poor but after a few 
j days fair. Spore formation normal. 

Growth W’as a little more than in —10. 

Aerial growth in suHiciently large amount. 

Aerial growth more than in 0. 

Aerial growth more than in 0. 

The growth in the beginning was poor. 

Aerial growth little. 

No .spore formation. 

In the beginning there was no growth. 
No spore formation. 


* Media from -f 16 to +30 remained in the liquid condition on account of too much aciditiy^ 
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These data show that this fungus prefers a reaction ranging between-f 5 
and +10 Fuller’s scale, but can withstand a considerable range either wav. 


6. Etiolcuy of the ni, sea.sk. 

(a) Formal 'proof of pathogeniciiy of Acroiheeiniti Feiiii/acti ii. isp. There is 
no doubt that this disease on bajrn is due to this fungu.s a.s detennined by 
the following points : — 

1. The constant association of the fungus with the disease, and its 
isolation from typical diseased tissue of the host. ' ' 

i.. Healthy plants inoculated with pure ctiltures give chai'acteristic 
signs of the disease. The penetration of the fungus was also noticed. 

3. The fungus was reisolated from inoculated disea.sed spots and reinocu- 
lated on healthy plants and the disease was produced as before. The ri+olated 

fungus was compared in culture with the fungus us{‘d for inoculation and was 
identical wdth it. 

(h) Details of viooulalions. The following are the details of the 
inoculations made on leaves and ears of Petiiiisetum typ/ioulcum : - 

Experiment 1. In the bt^nnniug of Septemlw lyii), 2fi inoculations were made by 
placing a httle mycelium and spores from a pnr<. culture on either side of a 
num er o eaves and leaf-sheaths ; these were kept in a moist cliamber. 'After 24 
hours almost all the leaves were discoloured and had become pale in the places 
where they h^d W inoculated, and after 48 hours on microscopic examination it 

Zd rstLe l ■ Oonidiophores .and- 

comdia started coming out after 72hour.s. The infected sjaits gradually increased 
in size and were like those found in the held. 

■ were inoculated on either 

side with spores and mycelium from a pure culture as already deseribtHl and 
he shoot was covered with a bell jar. A control was also kept. On tirfomii c“y 

Tr, n. • ■ f seventh and the remain ng on the eialitli dav 

I" ‘-"M to .to ,.i.» 

( ither Side) and m eight places on ears. A control was nhv kept In th\^ 

experiment one leaf took the infection within 48 hours, and onX ourt f ly 
more showed infection. On the sixth day the remaining leaves 

malfnspSfoH^'“““ the disease. All the inoculations 

two months' old) -wSe 'on ^ th few 
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a young culture. The plant was covered with a bell jar. There was also a 
control. In 24 hours 7 leaves showed sign of infection and the spots inoculated 
showed penetration of hyphse. After 4S hours three more were infected and two 
of the former spots had increased in size. On the fourth day infection took place on 
the remaining leaves and conidiophores .began to appear four days later. The 
control showed no sign of disease. 

Experiment 5. (26-9-19.) Three shoots with ears were placed in small flasks 
containing water. Nine inoculations on leaves and nine on the spikelets were made. 
Three shoots with ears were kept as controls. All inoculations on leaves and ears 
were successful on the third day. The spots on the leaves increased very much in 
size 'and those on the ears also increased and infected the neighbouring 
spikelets. Tliere was no sign of disease either on leaves or on the ears of the 
controls. 

Ex]3eriment 6. (26-9-19.) Ten inoculations on either side of the leaves and leaf -sheaths 

of two Iieaitliy young plants were made ; spores only being used and the spots 
inoculated w^ere covered with sterile cotton wool. The j^lants were placed outside 
in rain. A control was also kept. Six leaves took the infection in 24 hours and 
tbe remainmg in 48 hours. The control remained healthy. 

Experiment 7. (26-9-19,) Tw'elve leaves of two healthy full-grown plants were 

inoculated and kept in the same way as Experiment No. 6. A control was also kept. 
Four inoculations were successful in 24 hours, two on the third day and the rest on 
the fifth day. The control was without any sign of the disease. 

Experiments. (11-10-10.) Twelve inoculations were made on four ears (3 on each) 
and the ears were covered with bell jars. A control was kept. After 48 hours a 

- • ■ -wddlly ‘growth appeared in the jdaees inoculated and this went on increasing and 
infecting the neighbouring spikelets. Within ten days all the four ears were 
completely covered with aerial growth. The hyphse penetrated the glumes and palse, 
and in most cases even the ovary. The control was free. 

Experiment 9. (21-10-19.) Three ears were inoculated as above and a control was 

also kept. The result was as in the above experiment. 

Experiment 10. (25-10-19.) Three ears were inoculated in 9 places and the inoculated 

spikelets were covered with sterile moist cotton wool After three days the cotton 
wool was removed and the spikelets were found to have turned brown in colour and 
on examination showed the presence of hyphas inside them. The control that was 
kept showed no evident sign of the disease. 

Experiment 11. (28-10-19.) Seventeen leaves and five ears of six healthy shoots were 

inoculated and the spots covered with sterile cotton wool. All excei^t the control 
got infected in a week. 

Experiment 12. (28-10-19.) Five leaves and three ears of a grown up plant were 
inoculated and the inoculated spots covered with sterile moist cottonwool All 
inoculations on leaves and ears were so successful as to produce the characteristics of 
the disease. The control kept was satisfactory. . 

(of MesulU Altogether 106 inoculations on leaves (both 

sides) and leaf -sheaths, together with 40 on earsy were made, and all were 
successful The results of the above experiments prove beyond doubt the 
parasitic nature of Acmihecium Penniseti on Pennisetum typhoideum, 
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Simtmmij of resuka of mocuhlims oh Peumsetnm typhoidvam 


No. of 
experi- 
ment 


Number 
of itiocu- 
lations 


Where 

inoculated 


Number 

iniectecl 


lifiM'AHKS 


Beginiiiac of 
Beptemlx^r 
1919. 


removed and kept 
in a iiioi.'sfc oliambcr,' 


Control 


Control 


Control 


'Thr(?e shoots with ears. 


Controls 


Leaves 


^0 young plant 


Control 


26-9-19 


Control 


Control 


Three' 


Control 


2W9-19 


Control 


Six shoots with 


Control 


A mature plant. 


Control 
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7. RBLATIOlSr OP PARASITE TO HOST. 



T.he exaniiuatioii of inoculated leaves shows that infection can take place 
either through a stoma or through any epidermal cell on either side of the leaf. 

(«) liifecf ioii through a stoma. The hypha near a stoma gives out a narrow 
tube which after passing through it again swells up and resumes its usual size. 
It spreads a little in the sub-stomatal space and then passes on to other cells 
(Plate lY, fig. 1). 

(6) Injection bg i>iercing the epidermis. The infection can take place from 
any cell of the epidermis but is more common from the thin-walled motor cells 
(1 late I\ , figs. 2 -1). The hypha either directly penetrates the epidermis or 
under the cuticle parallel to the outer wall of the epidermis to some extent, and 
then goes down either into an epidermal cell or between the side walls of two 
cells to cells deeper in. Sometimes when it is passing between the side walls of 
two cells, it sends a branch into one of them. Sometimes after inoculation the 
hyphee are found in large amount under the cuticle but none in the cells below. 
Generally, before entering, the hypha coming in contact with the cuticle swells 
up and gives out a narrow tube which after penetrating the epidermis again 
swells up. Frequently the hypha presses down the cuticle of an epidermal cell 
to effect an entrance. After entering it may branch and fill the epidermal cell 
with a mass of mycelium or may directly penetrate deeply into the tissue of the 
leaf by passing from cell to cell and ramifying both in the thin-walled parenchy- 
matous and the sclerenchyraatous cells, and later may enter the vascular 
bundles. 


It is both intra and inter-cellular. Haustoria are not found. In passing 
from cell to cell the hypha gives out a narrow tube which pierces the wall and on 
entering the opposite cell again resumes its former thickness, ^fhe fungus can 
invade new breas by passing along the ve.ssels of the xylem (Plate IV, fig. 6), It 
cannot penetrate the midrib directly, but generally infection takes place from 
hyphee passing in through the motor cells just on either side of it. The intra- 
and inter-cellular hyphae are very clearly seen in the midrib region, and here 
sometimes they spread more through the inter-cellular spaces which are found 
at the angles of twm or more cells (PI. IV, fig. 5) than through the cells. Fre- 
quently the fungus forms stromatic masses in the epidermal cells on both sides 
of the leaf, sometimes m ^ quantity sufficient to rupture the cuticle. In 
solerenchymatous cells and in the vascular bundles hyphae often swell up to 
such an extent so as to fill the cavity. 

The fungus kills the cells in advance of its growth, and penetration of the 
dead cells is evidently easier than of the living, since in the central dead portion 
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Of the spot hyphffi are found abundantlyj.uf they are almost absent in the 
cells around the central dead portion. 

After three or four days from infection conidiophores shirt coming out in 
clusters on both sides of the leaf through the stomata from a mass of „nx-elium 
ymg m the sub-stomatal space. They even come out from the stomata on the 
inidrib When after inoculations infection is veiy vigorous they come out 
from the stromatic masses in the epidermal cells. It may be recall<>d here that 
in field conditions they always come out from the stomata, 

8. Cross iN'ocim.-mox EXPERniE.VTs, 

In order to find out whether this fimga.s can attack other hosts which have 
been also found infected by species of Avrothevimn . inoeulations were made on 
Andro 2 )ogon Sotghim and Zea Mugs. 

Leaves and ears of Andropogon Sorghum were inoeulateil with the huim 
fungus, but no infection took place. ^ 

cenefo^T of inoculations were made on tlie leaves and male inflores- 

cence of Zm, Mays, and it was observed that the hnjra fungus i-an infect the 
male inflorescence, but has no effect on the leaves. 

A Imatum, W^akker, which is found on Andropogou Sorghum leaves and 
male inflorescences of Zea Mays at Pusa, can infr^ to some e.xtent unXr 
laboratory conditions, the young leaves of Pennisetum lyphoideum. 

9. Diagnosis. 

The following is the diagnosis •— 

n ize generally 2-5 cm. long and O'S-l cm. broad; dirty bro4 with 
yel Wh margin. On the leaves more common along the eda; and ip ai^^ 
sometimes on the other parts including the midrib. " ^ 

Fertile hyphae rigid, erect, simple, 3-5 septate, straiglit or sli,.-htlv bent • 
fesciculate or solitary ; tip swollen or flexuous ; olive brown to <Sty ' brown 

7-5-it broS.' 

Conidia borne acrogenoiisly on the conidiophore, forming a group of 9-5 
On-leaves and ears of Pennisetum typhoidmm in India. 
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10, Summary. 

1. There are several species of Acrothecium knowE on various grasses, 
hut none has hitherto been reported on Pe^inisetum typhoideum, and the present 
species does not agree with any of those previously described. It is a new 
disease caused by Acrothecium Pemiiseli n. sp. 

2. It is found on ears, leaves and leaf-sheaths, and forms dirty brown 
spots wdth yellow margin. 

3. Conidiophores arise in clusters through the stomata and spores are 
borne apically in fascicles of 2 — 5. 

4. Infection can take place either through a stoma or by directly piercing 
an epidermal cell 

5. The fungus is cultivable on most artificial media but gives the highest 
development on wheat broth agar, potato juice agar, nutrient glucose agar, 
and on French-bean agar. 

6. In culture secondary sets of conidiaare formed either below the tip on 
the sides of conidiophore or above by the elongation of the latter. 

7. In some media chlamydospores of a dirty brown colour are formed, 

8. The growth is best on media having the reaction between +5 to+lO 
Fuller^s scale but the fungus can withstand a y/ide range of reaction. 

9. The parasitism of the fungus has been proved beyond doubt by 
numerous inoculations on leaves and ears. 

10. The myceliimi is both intra and inter-celliilar and is found in all 
parts of the infected leaf. - 

11. Cross inoculations on male inflorescence of maize were successful 
while those on Sorghum gave negative results. 


To Dr. E. J. Butler, Imperial Mycologist, under vyhose direction this 
work has been carried out, is due my grateful acknowledgment for his able 
advice and criticism. 
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1. Glucose moat-extract agar. 

( Peptouo . . 

•Sodium chloride 
Meat extract 
Glucose . . 

Water . . 
fAgaracrar 
I Water .. 


'i*Ogrm. 
. . 0*5 grm. 

0*5 .grm. 
4*0 grm. 
. . I00*i'i c.e. 

2.4 gr,m. 
.. ICKHIc.c. 


2. (:xlycerinc agar. 

It wa, prepared by adding 10 c.c. of pure glycerine to the above medium 
m place of glucose. 

3. Litmus lactose agar. 

It was prepared by adding 2 grm. of e.p. lactose and 4 c.e. of blue litmus 
solution to medium No. I in place of glucose. 

4. Starch agar. 

To 400 c c. of hot water 5 grm. of pure starch were added and boiled for 
two hours. When a starch solution of 250 c.c. was obtained, it was 
added to 260 c.c. of the following nutrient solution. 


aJ 


i ' Potassium phosphate 
Magnesium sulphate 
Sodium chloride 
Ammonium sulphate. 
.Water 


P / carbonate 

^ I Water 


A and B were mized. 


Starch solution 
Nutrient solution 
Agar 

5. Dextrose agar. 


Dextrose 

Agar 

Water 

Nutrient solution as 


for starch agar 

( 72 ) 


• • 1 g™* 

1 grm. 

• 1 grm. 

2 grm. 

• • , too c.c. 

i grm. 

. . 900 c.c. 


250 c.c, 
250 c.c. 
5 grm. 


2 'grm, 
,'3 grm.' 
I00c,c. 

100 C.C. 
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6. Cellulose agar. 


Water 

Ceiliiiose ( Pure ) . . . . 

Hatrieii't solution as for starch agar 
A<?ar 


100 C.C. 

1 grm. 
100 C.C. 

2 grm. 


7.. Potato juice 'agar. 

75 gi’ammes of potato were cooked in a water bath for half an hour and the 
juice was filtered in a fine cloth, and to it was added 5 grammes of agar 
and sufficient water to make the whole 250 c.c. 

8. Thaxter’s hard potato agar. 

125 grammes of sliced potato were cooked for half an hour in 500 c.c. of water. 
It was filtered in a fine cloth, and water was added to restore the original 
volume. To this was added 10 grammes of glucose and 15 grammes 
of a, gar and boiled for two hours, cleared, filtered and autoclaved. 
Jowar { Aniropofjon S()rgkum ) agar. 

One ounce al jowar seeds were powdered and boiled in 150 c.c. of water for two 
hours. The boiled mixture was filtered in a wire gauze strainer and 
to it 7*5 grm. of agar added and sufficient water to make the total 
500 c.c. 


9. 


10. Oat meal agar. 

15 grammes of qiiaker oat meal were mixed in 2(X) c.c. of water and boiled. 
Filtered in clotli, squeezed out the content and to it 2 grammes of agar 
added. 


11. French-bean agar (50-10-500). 

50 grammes of powdered French-bean were boiled in water for one hour, 
filtered with wire gauze strainer and lOgxammes of agar added and 
water sufficient to make the total 500 c.c. 

12. Corn meal agar. 

13. Wheat meal agar. 

14. Rice meal agar. 

15. 'Barley meal agar. 

All these were prepared as French-bean agar. 

16. Jowar leaf juice agar (30-3-200). 

30 grammes of leaves of Andropogon SorgJmm were hoiied for one hour in a 
water cooker. Filtered in a cloth and to it 3 gTammes of agar added 
and water enough to make it to 200 c.c. 

; 17.. . Maize leaf agar. 

It was prepared as the above medium, only, in place of jowar leaves^ Zea 
Mays leaves were used. 


-gt. 
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18 . ; Whml broltagiyr. ■ 

' " Agar : ,, 

Wlieat flour ' ' ■ 

Magn<^iim sulphate 
Potassium liitrat© .. 
Glucose •, .. 

Water .. 

filtered and sterilized on tltree 0013 

19 . Naegeli’s ratrient solution. 

Calcium dhloriiie 
Magnesium sulphate.. 

1> jpotassium phosphate 
Ammonium tartrate 
Distilled water 

20 . Colin^s nutrient solution. 

Distilled water ,, 

Acid potassiuin phosphate 
^ Magnesium sulphate 

Neutral ammonium tartrate 
Potassium chloride , , 


. . 0-i grm. 

. . 0*2 grm.' 
. I’O grm, 
. 10*0 grra. 
1000*0 c,c* 


li>00-0 C.C. 

* S‘0 gnu. 

. 5*0 grm. 

• 10*0 grm. 

. 0*5 grm. 
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STUDIES IN GUJARAT COTTONS, PART I. 


MAGANLAL L, PATEL, B.Ag., 

Colton Siijjefmsors Gujarat. 

[ Received for publication on the 3rd September, 1920. ] 

1. General considerations. 

Gujarat forms perhaps the most famous centre for Indian cotton 
growing. It has been renowned almost from the beginning of the Indian 
cotton trade, and so long ago as 1790, the annual production of Gujarat, 
including Bhavnagar, was 33,712,000 lb. or over 42,000 bales of our present 
measure, of which 20,653,000 lb. or over 33,000 bales w^ere exported. 
Since that time the cultivation and production of cotton have extended, and 
Gujarat has become the home of two of the best known commercial types of 
Indian cotton, the Broach^’ and the '^Dhollera,” and although, as we 
shall show% the cotton corresponding to these terms has varied very 
frequently and veiy largely, yet these names have for several generations 
indicated some of the best types of cotton that India has been able to 
produce. It is not, however, our intention in the present place to give a 
description of the history of Gujarat cottons and the types of plant which 
have produced them at different periods, but it will be necessary to review 
w^hat is at present known of the varieties of cotton grown in different parts 
of the area, in order to make our studies of the individual types intelligible 
and clear. 

The cottons grown in Gujarat at the present time belong to three 
different species* Gossijpium lierhaceum^ which is by far the most 
extensively grown and which may be considered to give its character to 
the area, probably a recent introduction, grown to a 

considerable extent only in one corner of the area, and Gossypium 
oUusiJoUum^ a perennial cotton grown sporadically over a large area of 

{ 75 ) 1 
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Northern Gujarat, but : tlie extent of who.'^e fuliivaiion is ternliiig to 
decli!ie. A map showing the varieties of eottons is aJi-aeliet! liertnvitli as 
Tlate I. Plate II shows the area and ihe ptnetMii agt* mtino area to 
the tt)ta] eiiltivated area. 

The variet}^ of Gossjipiuni \\!i:eli i> grown. a.> we liave said, 

sporadically over a large part of the Kanra Distiha- and the iioithem 
portion of the Godhra Taluka, in the Panchniahals. is locally termed 
Rozi or ‘‘ Jatlia cotton. Tliis ty})e lias licen olt'on d.escril)ed. 
Jliddletoid in 1895 characterized it as follows and his desinaptioii fairly 
re]>resonts its special features : — 

This is a perennial, cultivated upon light soils ici Northerii Giijana 
A tall much branched shrub, 6 to 8 feet higln if readily runs wild, and in 
hedgerows assumes a climbing Itabit, 

rids cotton is cultivated as a inixtiire crop, one I'ow btu]fg^ow!l between 
ten or twelve rows of some cereal. In the first season it vi«*hL-^ little or no 
cotton: in the hot weatlier it is cut down to one foot of tin* gnuitiij, in the 
secoml iuonso()n it gro\vs luxuriantly and prothices a fall cmjj in the followiiig 
hot season. Tire cotton in sid)03quent jn^ars is of coaiser quality tluiii tliat 
of the second, and the plant is usually rooted out at the eml of the third or 
fourth season, but it is occasionally allowed to grow fur six or seven years. 
When growing wild in hedgerows the eottofi turns yellow, atul very sliort in 
staple ; the fuzz at the same time becomes long. Rosi is niarkeclly' diHerent 
from the annual cottons and does not seem to iiyl)ridize witli tlieiii. It 
strongly resembles Oossyjniim tlie cliief dift'erence being a yellow 

flower and the absence of the marked reddish tinge ];)ossessed by this 
species.'^ 

AvS has already been stated, the cidtivation of this cotton is declining. 
It produces a lint of fairly long staple, which is, however, verv coarse, and 
is almost entirely used locally in Northern Gujarat. Its value is much 
decreased owing to the unripe condition in which it is usually picked. It 
has probably little or no future, and while it will continue to be grown, yet 
its cultivation hardly affects the larger interests of cotton growing in the 
province. It occupies nearly 7,000 acres in the Kaira District. 

The type of Gossypium neglectiim, which has in recent years extended 
over the greater part of Kathiawar, and especially of Bhavnagar, is known 
a.s Mathio. In the British districts of Gujarat, it is found to any great 
extent only in the western portions of the Dhandhuka Taluka and the 


^ AgriouUural Ledger, 1895, ijo. 8* 
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Goglia. Petlia of tlie Aliraedabad District. Its introduction seems to Imve 
been quite recent, and it lias probably come from Kbandesli. Prior to the 
great famine of 1899-1900, it was, according to Middleton^ grown to a very 
limited extent in Bliavnagar, but its extensive adoption dates from about 
1900. This adoption se(3ms to have resulted from the fact that it will 
grow with less rainfall and in lighter soils than the varieties oi Gossypiiim 
herbaceim formerly produced, and because it ripens earlier and hence 
enables the cultivators to realize their crop and pay their land revenue 
without recourse to a money-lender. Its extension, however, in. the first 
years was slow, audit is barely mentioned by Gammie in Ms description 
of Indian cottons published in 1905. Since that time, however, its cultiva- 
tion has increased enormously in Kathiawar, but it has been adopted only 
in the areas already mentioned in British Gujarat. Moreover, it does not 
show much sign of spreading further, as it is found that in the lighter soils 
of Northern Gujarat it has a tendency to ripen, later, to decrease in ginning 
percentage and to yield less than kerbacmm cottow under irrigation. The 
actual portion of British Gujarat which it occupies is shown in Plate II, 
where its area is 27,000 acres. It rarely occurs as a mixture in the field, 
except to a very small extent, with Wagad and Laho cotton ( see below ), 

But by far the greater part of Gujarat is cultivated -with various 
varieties of Gossgpium herbaceiim, and it is to this species that its cottons 
owe their special reputation and character. The description of these 
varieties, their characters, and the areas they occupy, is, however, in 
considerable confusion, and nearly every authority seems to have adopted 
a different arrangement of them. We shall take as the basis of the 
following short account, the descriptions given by Gammie in 1903. He 
first divides the types of Gossypmni herbctceiim occurring in Gujarat into 
two groups as follows : — 

''Section 1. Bolls spherical, with broad valves, splitting so slightly 
when ripe that the cotton does not emerge. Wagad or Wagadia and Sakalio, 
five to six feet in height, cotton copious, but rather coarse, staple § inch. 
Bolls with a very short point, but occasionally narrowed into a long one, 
mostly three-celled, dimensions average one inch by one inch. 

" Section B, Taller and more compact plants than in the first 
section ; bolls more distinctly trigonous, narrower and pointed. Valves 
of ripe boll strongly reflexed so that the cotton is pendulous : bracteoles 
not so distinctly spreading. 


tSi 


^ Agricultural Ledger ^ 1895, [no. 8. 
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'' Lalio, Kmnu, Bolls' 1 1 hv | ineli, cotton fiiie, a lilieriiig only slightly to 
seedj staple f inch, 

^[Kumpki, Bmaek Size and habit of Lalio, but more liai'ry, and some of 
ishe bolls rounder but smaller, IJ by | inch. 

Goghari, similar in most respects to but the plants are more 

spreading and the bolls open out like those of hdhJ' 

It is needless to follow the various mofliliratious of the cljmsifleation 
which have been given by ditlereait writei'S, but if wc. pur t ngethm.' tlie essential 
facts as given by each of them, and combine them wirli, our observations, 
we can indicate the following three clearly distinct types now cultivated in 
Gujarat 

L Wagad ( Wagaiia, DJmmadia, SuMio, Dd)diti)k a small braticlied 
bush, usually standing eighteen to thirty inclnts liigln nimdi less hairy than 
Broach desJd. The young steins, petioles, etc. . a re mcMlerat e!y thickly covered 
with simple hairs. Stellate Jiairs are large and riumm'ou.s mi the young leaves, 
few on the older leaves, which are almost glaliruus and liave a shining oily 
appearance. Stems, branches and petioles am of adiM-pm* red in tlie upper 
BmhcQB than with Broach deshi, Liaives three to five lobcb coidaie, half 
segmented or les.s. Lobes ovate to broad ovate, const rioretl at t In.^ base ; the 
lobes of tlie leaves on the younger branelies are lu'oad, olitusc, leatliery and 
not constricted at the base. The spreading habit of iht^ Innci coles is seen in 
all the annual cottons of Gujarat, but is most marked in Wajpoh uhere they 
often begin to spread when the flower is opening. Ihdls are smootli, globose 
usually, but sometimes tapering, mostly three-celled, and do not open fully 
when ripe, so that they are forced open by liand wlien removing the 
kapcis. The lint is dull, white and coarser than Broach deshi and about equal 
in staple to the latter.* The seed.s are rather large in size, oval in shape with 
a distinct liook at the tip, five to eight per cell and co\'ert‘tl witli fuzz. 

The primary fruiting branches are stronger in Wagrid tlian in other types 
ot herbaGeiim cotton, while the axillary limbs develop laier. Hence a larger 
proportion of the bolls are borne on the primar} frail iiig bra iuhes t lia n iii other 
Gujarat varieties. Wagad is the earlie.st flowering herhaceain but the flowering 
lasts :a very long time, and^ the ripening is' slow. The plant requires :ess 
moisture than the other varieties, and takes eight months to ripen. It is 
grown on slightly saltish land and its distribution ill' Gujarat reflects tliis 
feature. In British Gujarat, it nearly occupies 218,000 acres. 

2. Bmach desJii {Lalio) is a small shrub usually three to four feet high 
but varying greatly in size according to the soil. The whole plant is 
♦Host of the desoriptioa is Uhen from Middleton^ loc, cit. ). 
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generally liairj, the young leaves and bracteoles pubescent, hairs stellate or 
three to four branched. The petioles, leaf ribs and peduncles villous, hairs 
simple, though a few stellate or branched hairs occur on the ribs. The leaves 
are very variable, cordate. The lower and larger leaves are fi.V 3 , six or 
sev }n lobed, the upper leaves three to five lobed, half or less than half 
segmented. The middle lobe is ovate, acute, mucronate and constricted 
at the base. The stipules are persistent, linear, and those in peduncles 
markedly unequal, one of them oblique, secondary or tertiary ovate, 
trincate, toothed and the other lanceolate-acuminate. The bolls are not 
usually smooth, of all shapes, usually three-celled, seldom two or four- 
celled, and they open fully when ripe, the valves being highly recurved on 
the edges. The luit adheres loosely to the seed, and is fine creamy-white, 
silky and of good staple. The seeds are smaller than in Wagad cotton and 
covered with whitish fuzz, usually six to seven per cell, seldom eight to 
ten. 

So far as the branching is concerned, the limbs a3?e more developed than 
ill Wagad^ and the axillaries arise earlier and are more numerous than in the 
latter variety. The flowering characters vary very largely, but the flowers 
appear later than in though the flowering is over sooner. 

3. Gogliari only diliers from Broach deski as regards the boll characters, 
and those of the seed and lint. These are described fully later as given by 
Middleton ( page 81 ) and as observed by me ( page 83 ). 

These three types are the only ones which can, we think, be distinguished 
among the herbaceiim cottons of Gujarat. They will be found mixed and 
hybridized in every proportion in almost every part of the province, and it is 
comparatively rare, except in very restricted areas, to find any of them in a 
perfectly pure condition. The Wagad, however, can be found relatively pure 
in a tract lying to the extreme north-west of British Gujarat in the Ahmeda- 
bad District, and on the borders of Kathiawar. The best centres for gettng 
pure Wagad cotton are, perhaps, Viramgam and Bavla. Again the only centre 
where Broach deslii can now be found relatively pure is in certain parts of the 
Surat District in the extreme south of the cotton area of Gujarat. The best 
centres for getting pure types are Jalalpor, Vedchha and Bilimora. The 
third variety, the Gogliari, is found in the purest condition in the northern part 
of the Broach District, in the Jambusar Taluka. All the rest of Gujarat 
grows a mixture of types, and this is sometimes called Kahanmi or Kanvi^ 
sometimes Broach, sometimes Lalio, sometimes Amli, while there are dozens 
of other local names. Its characters vary with the extent of the mixture and 
of the constituents. Until recently roach toSf decidedly predominated 
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OFerywlierej biit iii tlie last few }^eaTs the extent of the mixture with 
Goglmri has generally increased. The Indian Cotton Committee record the 
toliowing proportions in the mixture in different areas 


District 

* Percentage mixture ul 

Ahmedabad 


Broach desJd Gogliati 

(1 ) DlioUe.ra 

( Lalio ) 

10-7 

89*3 

( 2 ) Do. 

( IVagud ) 

00 '0 

i0*0 

' ( 3 ) Saiia..iid 

( Lillo ) 

2*7 

97*3 . . 

( 4 ) Do. 

( IVfHhid ) 

87-0 

130 

( 5 ) Viramgam ' 

{ Dcshi ) 

100*0 


( 6 ) Do. 

( Lalio ) 


41*7 oS*3 

Kaira 




( 7 ) Tluisra 

( Kalumml ) 


00*8 14*2t 

( S ) .Meliiuadiibat 

Do. 


54*8 45*2 

(9) Matav 

Do, 

* • 

52*2 47-8 

1; A N O ii iM.A.l.li 

( 10 ) ICalol 

1 1 1 » i % A I 

lLS 

( Ka hii nm.i ] 

j 

48*0 

{ 1.1, ) Aukieswar 

{ BesM ) 


03*0 30*3 

( 12 ) Jambusa.r 

( (hghafi ) 

» . 

! 7*9 92*1 

( 13 ) Broach 

{ BesM ) 


1 52*4 47*4 


. In spite of this condition of hopeless iiiixtiirej tlie three typeS' can be 
traced throughout, and though hybridized and rehybr!diz3d again and 
again the plant and produce can always be referred to one or other of the 
descriptions given above. 

. It would be interesting to connect the proportion . of these three types 
oiJie^'haceuni .cotton with conditions of climate and soil, but though a few 
general indications can be given, the time is not yet ripe nor our inquiries 
sufficiently advanced to come' to any but the most provisional coi:.icli.isio.ns in 
the matter. 

In the first place, however, it is fahly clear* d.<>ini nates 

the situation only where the soil has a tendency to bi? saltish and where 
the rainfall is likely to be deficient. The soil may be eitiier heavy or light. 
It is stated, though it is not equally certain, that the tracts, wliich grow 
Goghan best and where it yields more highly than any other variet}^ of 
hcThacetan cotton in Gujarat, are, where the soil is moderately light, of a 

^ The terms used by the Cotton Committee have been modified to suit our ^Jlassifica- 
tion.' 

t contains 25 per cent Rozi cotton. 
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hesar or goradu type with a deep subsoil. But GogJiari seems . extremely 
adaptable, aud is capable of flourishing, as well as Broach deshi, over 
the greater part of Gujarat, as is illustrated by its general extension in 
recent years. 

II. Goghari cotton. 

1 . History of GogloLSbii cotton. • 

Goghari cotton, the extension of cultivation of which in Southern 
Gujarat, has been so disastrous for the quality of the stajfle in this part of 
India, has only been recognized as a separate type in very recent years. 
Where it came from we do not know. Its name would suggest that it 
originally was brought from Gogha, a part of the Ahmedabad District in 
Kathiawar, to the south of Bhavnagar, and that from there it may have 
been carried across the Gulf of Cambay to the Jambusar Taluka of the 
Broach District, where it is now grown in its purest form. But of this there 
is no direct evidence, and the first notice of this cotton occurs in 1891. In 
that year in a communication to the Bombay Trades Association^ the 
following statement was made : — 

The only foreign seed introduced in Broach was the Goghari seed. 
That seed has been brought into Broach District during the last fifteen 
years, and the cotton produced from that seed was of an inferior quality. 
His firm first sent a consignment of this cotton home ; it was reported 
upon as harsh, deficient in staple, but of good colour and fine class. But 
since the Goghari seed has been acclimatized, the result was that the 
Goghari ( seed ) cotton had been passing in Liverpool as fine machine-ginned 
Broach, with an allowance of l/32d. to 3/32(^. per pound of the class, 
but when shipped as Fully Good Broach with mutual allowance terms, it 
fetched IjBi, to 3/16d per pound on the class sold. This kapas paid the 
raiyat because the lint outturn was better.” 

A few years later the variety was definitely established as a recognized 
type of cotton cultivated in the northern part of the Broach District. 
Middleton^ in 1896 describes it as follows : — 

In Goghari the bolls are globose, and larger than those of deshiJ^ The 
segments of the capsules are broad and do not recurve when the fruit is ripe. 
The lint hairs surrounding each seed separate readily from those of the 

^ Extracts from tlie Proc&edings of the Cotton Trades Association, July 31, 1891 i Commu* 
nication by Messrs. Narandas Rajaram & Co. 

^ Agricultural Ledger, IS95, no. S, 

* Bj deshi. oYdmdbTj Broach desjii cotton is me&nt. 
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adjoining seed, and do not cling as in deshi. The seeds arc larger and darker 
in colour and have more iuzz. The wool (i.e.y lint ) adheres more firmly to 
the seeds, is whiter, crisper, coarser, and more abiindaiit. It is supposed to 
bo a cross between tlie two cottons of herbaceum, iiamely, Broach desJii 
and Wagad. Goghari and Br-mcfi deshi seem to cross readil}^ and plants 
intermediate between the types are very common. 

“ Gundi Goghari plants are smaller with numerous bolls. The cotton 
is better in quality than is Goghari proper. This is believed to be an interme- 
diate form between Goghari and Kahanmi. ’’ 

Some of these statements seem equally true to-day. In other matters 
the cotton seems to have considerably changed its character. We will, 
however, indicate a little later in what ways the present day typical Goghari 
cotton differs from wdiat Middleton describes. 

Eight years later Gammic^ published his description and classification of 
the Indian cottons, but the following is his only reference to this variety : — 
It is similar in most respects to Wagad, but the plants are more 
spreading and tlie bolls open out like those of LalioW 

In a later re])ort-, however, he states that Goghari exists as an appreci- 
able mixture in Ji oach, but not in Surat cotton. In the neighbourhood of 
the Broach District, he quotes a case where GogJmri occurred to the extent 
of 14 per cent, in the mixture grown. 

He says, moreover, that “ in Goghari the seed is larger than that of 
Broach deshi, and the cotton is more adherent so that it is more difficult 
to gin. The fuzz is white while that of deshi is brown.” We will consider 
later how far these observations agree with ours. 

2. Characleristics of Goghari cotton. 

None of these references to Goghari cotton had hitherto given a really 
recognizable description of the variety with which we are dealing. It is, 
however, very distinct, and in the relatively pure form in which it occurs in 
the Jambusar Talnka of the Broach District it can be recognized easily 
when growing, after the bolls have opened, and also in the seed cotton or 
even in the seed. So far as the plant itself is concerned, a critical study 
for a number of years has, however, failed to indicate any constant feature 
by which Goghari plants can be distinguished from ordinary plants of 
Broach deshi up to the time of the opening of the bolls. The form and 
branching of the plants ( and the form of the leaves ) are similar, the manner 

^ The Indian Cottons* 1905. 

2 ijenoai 0 / tha lmpeHai OoUon Specialist, IDU 491 5. 


PLATE III. 



Fio- 9 TJnnprrnw Surlee Broach Deshi. 1, side view, having the horizontal septa and the 

■ middle angle broad; 2 , 3. horizontal views having the recurving on the sides. 

Lower row. 1. side view, having the perpendicular septa forming the middle angle acute; 
2, 3, horizontal views having no recurvature. 


Fig. 1. Upper row. Broach Deshi, showing the recurving at the sides giving wide opening, 

clue to which the cotton hangs clown. 

Lower row, Goghari, showing no recurvature, thus having less wide opening. 



Above, Kapas from the cell of a boll of Goghari showing the length to which each seed with ** 

lint hairs can be drawn from the other without perfect separation. This is probably 
due to the shortness and roughness of the staple. 

Below. Kapas from a cell of a boll of Broach Deshi showing the greater length to which 
each seed with lint hairs can be drawn from the other without complete separa- 
tion. 1 his IS probably due to a long and silky staple. 
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of floweriiig and tliocliaracter of I; lie flowers are the same. All the types of 
bolls found among fjoijhari are also found among Broach deshi cottons 
( Plate V, fig. 2 ), and tliere is no evidence for the statement of Middleton 
that the bolls are globose and larger than those of Broach deshi. But as 
soon as the bolls opeiitlie characteristics of the variety appear. These are 
three in inmiber. 

1. The opening of the bolls is strikingly different in Goghari cotton from 
that of B oacli deshi In the latter cotton the edges of a cell of a boll recurve 
when fully open ; in Goghari this never occurs. ( Plate III, fig. 1. ) 

As a result, the angle between the septa in the shell of the completely 
opened boll is greater in the case of Broach deshi than in Goghari, 
(Plate III, fig. 2.) 

2. The hapas in the two cases diflers in the ease with which the seeds 
can be separated from one another. In Goghari, as has been already pointed 
out by Middleton, the. lint liairs surrounding each seed separate readily from 
those of the adjoining seeds and the seeds do not, therefore, cling together 
by means of the lint hairs in the manner which is characteristic of Broach 
deshi cotton. This can be seen in Plate IV. The difference is probably due 
to the lint hairs in Goghari being shorter and thicker than in the other 
variety. 

At the same time the lint adheres much more firmly to the seed than in 
Broach deshi cotton. This can be indicated, somewhat roughly, by the relative 
time taken to hand-gin hapas of the two types. , 

Goghari Broach deshi 

Hours Minutes Hours Minutes 

Time taken to gin 1 lb. hapas . . 1 14 0 34 

Time taken to obtain 1 lb. lint ..2 43 1 ' 40 

3. The seed, after ginning, in Goghari cotton usually retains a large 
nu liber of torn lint hairs, showing the force required to separate them from 
the seed. As a result most of the previous writers on the subject, including 
Middleton, have stated that the seed bears more fuzz than is found in the case 
of Broach deshi cotton. Precisely the opposite is really the case, and if the 
torn lint hairs are removed by forceps, it is easily seen that the Goghari seed 
really presents an almost clean darkish testa without fuzz. The difference 
can be seen clearly in Plate V, fig. 1. 

These diSerences render it easy to distinguish in the case of any ripening 
plants, or in the case of any collection of hapas or cotton seed whether we 
haf © to do with Goghari ot Broach deshi cotton, and enable the proportion of 
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each in Aa .mixture to be detei’iniiiecL In additicui to these characters by 
which 'Goglmri cotton .can always be detected, lliere are certain general 
co'iiniiercial diiereiices wiiich distinguish any Icds of the two types of cotton 
which may be placed on the market, 'blie^e are as iiinho' : — 

1. The lint in Goglmri cotton is shorter tlia.n in Broach deski^ and this is 
practically uiiiversallj^ the case a,moiig all the strains of each kind that have 
been examined. The attached ta.bile and graph { p. 85 ) show the frequency of 
different lengths of .staple in an average pure stiaiii of each variety, the lint 
being taken from the middle of the seed. 

Goghari Brjach desM 


Percentage of cases 


cm. 

1-5 — 1*6 


1-7 1\S 

1*8 1*9. 


1*9 — 2-C 


2-1 — 2*2 
■ 2-2 — 2*8 
2*8 — 2'4 
2*4 ~ 2*5 
2-5 2*5 

2*6 2*7 

2*8 2*9 


Though, therefore, there Jiiay be seeds aiiioug u sanijiie of Brii<(ch deJii 
cotton Avhich bear lint hairs shorter than those found in Goiihfiri. yet in jtracdi- 
cally every case the average stayie is sliortcr in tlio latter tlian in the fornior, 
and so far no strain of Goglmri has been e\olved or selected which has 
an average staple as long as even the lower types of Broach dcsM cotton. 

2. The ginning percentage, or in other words the proportion of 
weight of lint to weight of kafm, is much higher in the case of Goghari 
cotton than in the a&SQ oi Broach deshi. It is this quality wliicli has caused 
the large extension of the growth of Goghari cotton, and we may illustrate 
the difference between the two types we are comparing by a table showing 
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Fig. 2 


A, Boll spherical in shape and bigger in size than C; 

B 21, Boll distinctly tapering; 

B 3, Boll tapering, surface rough (tall type); 

C, Boll spherical but smaller than A; 

E, Boll intermediate in shape between spherical and tapering 


1. Left side. Seed of Goghari almost naked without fuzz). 

Right side. Seed of Broach Deshi so fuzzy as to present the velvety white surface 
all along. 



MW 
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the ginning percentage of a number of ^average samples of each kind purified 
and grown side by side. 



Gikning percentage of 


Gvghari 

Broach deshi 

(1) 

44-0 

37-7 

(2) 

41-6 

36-8 

(3) 

42*3 

38*4 

(4) .. .. 

41-8 

35*4 

(S) 

43-8 

32-3 


Percentage 

of 

cases. ■ 



Fig. 1. Tariation in length of staple on the [^middle of the seed in (— ) 

and Broach deshi ( . ). ^ 

The difference in this respect isj hence, very considerable, and though 

there are strains of Broach des/ti cotton, which we have isolated, with a 
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ginning percentage Iiiglier than that of the poor strains of GogJiar% yet the 
ditference indicated by the above figures is maintained iii tlie comniercial 
lots of kapas in a remarkable manner^ and is the basis for the high valuation 
of this hipas in the market. 

Such are the diifereiices between the two types of herhaceum cotton 
which are grown in Southern Gujarat, and the special cliaracteristics of 
Gjghari cotton which have giv'en it a definite, if an imdesiiuble. place in the 
market. Before passing on to consider the extent of its adniixture with 
other cottons in Gujarat at present, we may notice the theories which can 
be put forward to account for its existence. The iirst theory on the 
subject is that of Middleton ( he. cit. ) who considered that it is probably a 
cross between the Broach deski cotton and the Wagad cotton of Northern 
Gujarat. The ground for this opinion is based on the fact that Broach 
cotton bolls open wide and completely : those of Ifh/jurr only open 
slightly and have to be broken open to extract the cotton. In the case of 
Gjghari various degrees of opening occur, some strains being almost as 
closed as Wagad when ripe, while others are intermediate between tlie two 
ill tills cliaracter. Against this opinion it ina}' be not oil, however, tliat 
the Go^/iarflint is whiter thaii either of its supposed jjanmts, and, further, 
the ginning percentage is higher than either of Wagad or Broach deski. These 
seem to make it at least doubtful, and it is, perhaps, more probable that 
Qoghari really represents a developed and accliinatized Wagad type of cotton 
than a cross of the nature above indicated. In studying the various strains 
contained in Wagad cotton, we have, in fact, been able to isolate strains 
which are very similar to Ooghari in manner of growth as well as in boll 
characters. 


3, Extent oj adniixture oj Goghari until other cottons in Gujarat. 

On the strength of its high ginning jiercentage there lias been a gradual 
tendency for cotton to spread throughout Gujarat until it is now 

found in almost every part of the province. Its giiiniiig percentage is, 
however, its only advantage. The yield of kapas is certainly not greater 
than with other types of cotton equally suitable for almost ev^ery corner of 
the country, and the staple is recognized by all concerned to be inferior to 
that of the cottons which were formerly grown exclusively in these areas. 
But the difierence in price resulting from the* higher staple has not during 
the last twenty years been suificient to prevent the temptation of a higher 
yield of lixit on the obtained leading to the "gradual penetrate 
Gogliari QrMoii throughout 



MAaANIiAL L, BATEl^ 


87 



In tlie year 1905, and again from 1909 to 1919, a number of samples 
of seed has been collected from ginning factories in many parts of Gujarat, 
and have been, after sowing and reaping of the crop obtained, used to 
determine the extent to wliicli Goghari cotton was actually being grown 
in the various tracts. In the early years the samples were collected by 
the Manilatdars or revenue sub-divisional officers ; since 191S-14, the 
officers of the agricultural department have been responsible for obtaining 
them. The results of the examination of these samples can now be 
indicated, 

Surat District, The reliable samples of seeds collected in the early 
years were too few to be of any value for the purpose in view, but since 
1912-13 the following table indicates the amount of Goghari cotton 
contained in the samples of seed collected : — 


Year 

Number of samples 

Average percentage 

examined 

of Qoglmri 

1912-13 

8 

1*3 

1913-14 

15 

1-0 

1914-15 

17 

0*2 

1915-16 

30 

0-6 

1916-17 

26 

3-7 

1917-18 

IS 

0’9 

1918-19 

11 

7‘5 


These figures, which owing to the limited number of samples examined 
must only be approximate, indicate that until recently the penetration of 
Goghari cotton into the Surat District has been only small. In 1916-17 for 
the first time it amounted on an average to nearly four per cent, and 
though in 1917-18 the figure obtained went down, it rose to an unprece- 
dented height in 1918—19. The chief disquieting feature in the last year 
was the fact that all samples showed a mixture, and hence it "was clear 
that Goghari cotton seed was penetrating everywhere, even in the areas 
where the highest staple strains of Broach deshi cotton had been previously 
grown. The result has been that the trade has become alarmed, and that 
an effort against the further invasion of Goghari types is being made by 
the combined action of the agricultural department in supp! 5 diig pure 
seed, and of the various sections of the trade. 

Broach District, The examination of samples from the Broach District 
has been more satisfactory and has given clear results showing the 
penetration ol Goghari cotton. Here it must be remembered, we are in 
the centre of distribution, and though in 1905 the pure Goghari cotton 
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was confined to oiie comer of the district, vet the ease with wliich it could 
be spread led to its rapid extension. The actual averages obtained were 
as under : — 


Year 

i 

' X umber of sainx^les 

I examined 

i 

; Average percentage of 
Goghari 

191-1-15 

[ ■ IS 

1 22-3 - 

1915-10 

1 19 

i 24 ’2 

1916-17 

IS 

40-0 

191 7-1 S 

' 24 

50*7 

1918-19 

IH 

81*8 


From these figures it is cdear to vliat extent Goghiri ccUtoii has i*e])laced 
the older type of Broach deshi of superior staple. This is pattly due 
to tlie mixture of seed : partly to tlie actual replaeeiTient of the one 
variety by the other. In 1918-19, in almost a cjiiarter of the cases the 
saanph^s received were almost pure Goghari cotton seed, in the remainder 
the admixture varied from 05 to SS ])er cent, of (joghari seed. There 
was no pure Broach deshi seed sample among tliem. 

The same penetration of Goghari seed from Kroacli into Aliiiieilabad 
and Kaira is taking place as is occurring in Surat, but already it has 
proceeded much further. Viramgain and the surroundng tracts are little 
affected as yet but everywhere else the Goghari type is becoming 
increasingly grown from year to year The number of samples examined is, 
how^ever, not sufficient to justify a quotation of them, but there is no doubt 
that the spread is taking place, a spread which is tending to ruin the 
reputation of Gujarat as an area for producing a staple cotton. 


‘1-. occurred among the vcif ious tifpes oj Gujarat 

herbaceum cottons ? 

Witli regard to the various types— If Broach deshi and Goghari— 
of Gujarat kerbaeeum cottons, which are growing togetlier or in dose 
proximity in so many parts of the province, two things may have occurred. 
Either they are growing side by side without appreciable mixture, or they 
have largely hybridized and so every form of cross intermediate between the 
types will be found. If the former be the case, then it will be easy to 
obtain each variety pure by simply selecting plants true to any type in the 
field : if, on the other hand, the latter be the condition, it will be difficult by 
field selection directly to get plants which will breed true of any of the 
varieties described. 
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Tlie extent to wMcli hybridization of cotton takes place generally has 
been a matter of considerable controversy. Without going into the older 
literature on the subject, we may call attention to Gammie's opinion in 1903.^ 
He states as follows : — 

It is customary among botanists to assume that the numerous forms of 
cotton plants have become inextricably complicated and difficult to 
understand and distinguish through hybridization. It appears to the writer 
that the true solution of the problem of classification will be found to lie in 
the fact that, in the Indian form, these so-called species and hybrids are 
merely cultivated races evolved from an unknown prototype.’’ A little later 
( 1905 ) Gammie^ was more definite, and stated that in his opinion the 
numerous forms occurring in every species of Indian cottons were not to be 
explained through hybridization, in that Indian cottons are normally 
self-fertilized. A large number of varieties,” he said, ‘‘ procured from almost 
every part of the country have been grown in contiguous lines withont 
hybridizing. Emasculated flowers allowed to remain uncovered usually 
drop off unfertilized. In the few cases where pollen was carried to the 
stigmas by insects, bolls were not subsequently developed.” 

This very clear opinion that crossing among Indian cottons is of rare 
occurrence, and, when it occurs, is of little practical importance, is not shared 
by other workers on the subject. Watt^ writes as though he considered that 
cross-fertilization was frequent and that many Indian types have risen through 
such natural hybridization. Leake^ after a very careful series of observations 
came to the conclusion that in Indian cottons cross-fertilization takes place 
to a considerable extent, though the greater portion of this is limited to neigh- 
bouring plants,” He says, further, that cottons which flower by the end of 
the rainy season are more liable to cross-fertilization than others. 

It may well be, however, that in different species of cotton, the tendency 
towards hybridization will be very different. Thus, for instance, cross-ferti- 
lization would be very difficult in Gossypium arhoreiim with its short style, 
while in the various types of Gossypium neglectum, where the length of style 
gives much more opportunity for foreign pollen to be received, it might easily 
be frequent. The forms of Gossypium lierbaceum occupy an intermediate 
position, and none of the workers above quoted have made careful and detailed 
observations of the incidence of crossing with this species. 

^ Note on the Classification of Indian Cottons? Calcutta, 1903. 

^ The Indian Cottons, Calcutta, 1905. 

; ; 3 Wiia and Cultivated Plants of the World, London, 1907. 

- - ^ 3£em» Dept. Aqri, India, Botanical Series, IV, no. 3, 
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We have, however, now the recent work of Kottur^ on this points He 
worked with various types chiefly of herbaceum cottons, and concluded that 
all the Indian varieties cross easily and the ainoiiat of natural crossing is 
considerable ( up to 6 per cent.) when various varieties are grown in adjoining 
fields.’’ Beyond this opinion there is no evidence,, so far as we are aware, 
of the degree to which cross-fertilization occurs among herbaceum cottons, or 
of the extent to which the plants now grown are unfixed hj’brids of the various 
varieties in cultivation. 

That cross-fertilization does actually occur in the Goghari type of 
herbaceum cotton is clear from the following experiment : — 

Strain No. C 8 Goghari. This is a pure line cultivated witliout variation 
for several seasons. In 1918--19 the seeds produced by two separate plants of 

1917- 18 were sown, and variations in the amount of kapas per boll and in the 
ginning percentage of the kapas were noted which could only have resulted 
from crossing. The rows were planted at least six feet from any other type. 
The actual figures obtained were as under 

Number of bolls per pound of kapas.. . . ^ 5-407 

/No. l~44-2 

Ginning percentage .• .. .. •'[No. 2-4 0-6 

Degree to which cross-fertdUzation occurs. We have started our work by 
isolating pure line cultures of Goghari cotton which have maintained certain of 
their characters for at least two generations. The seeds produced in open 
field cultures in the second generation ( the plants being grown no leSvS than 
six feet by three feet apart ) have then been grown, and the proportion of the 
plants which have varied in the next generation in the character studied has 
been determined. The only source from which such variations could arise 
was cross-fertilization from the plants in the field. The following cases 
may be quoted : — 

1. Strain No. B21 Goghari. The character studied was the size and 
shape of the boll. This was absolutely constant in 19-1017 and 1917-18. 
On being grown in open culture in 1918-19, it showed 2' 1 per eent, of tie 
plants bearing bolls ot a different character. Again a plant bearing boils 
of the original shape and size in 1918-19 gave 2*85 per cent, of the.plants with 
varying bolls in 1919-20. 

2. Strain No. 022 Goghari. The same character was studied as in the 
last case, and the boll characters of the strain were constant in 1917-18 a nd 

1918- 19. In 1919-20 this showed plants with varying boils to the extent of 
ri per cent. 

^ Mem. Dept. AgrL India, Botaniml Series^ X> no. 6, 1920, 
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3. Strain No. B3 Goghari. The boll characters were again studied 
and after being constant in 1916-17 and 1917-18 these showed 1 per cent, of 
the plants in 1919-20 with varying bolls. 

Judged therefore by this one character, it would suggest that under the 
conditions of the experiment, in which the nearest differing plants of other 
strains would be six feet or more away, the amount of crossing would, in 
Goghari cottons be between TO and 2*8 per cent. 

That the plants at present grown are unfixed hybrids of the varieties in 
cultivation is still more clear. Seed of two types of Goghari cotton ( Jamhusar 
Gogha/ri and Varnama.ffo^/?r/>\ ) were obtained and sown. From the crop 
obtained, all plants were eliminated which showed any character other than 
those associated with Goghari cotton. Seed was produced from the remainder 
and this was again sown. Instead of producing pure Gohgari plants, 
how'ever, the latter showed a higher percentage of admixture with those of 
other types than did the original cotton. The actual figures in both eases 
are as under’ : — 



Jambusar Goghari 

Varnama Goghari 

Year 

Percentage of admixture of 

Percentage of admixture of 


Broach deshi 

Broach deshi 

First year ( 1913^14 ) i 

7-25 

9-5J 

Second year ( 1914-15 ) 

14-00 

. 10-00 


It is clear, therefore, that the plants grown were splitting as to one or 
more of the characters associated with Goghari cotton, 

A similar test was made with a sample of cotton seed, reputed to be Broach 
deshi, obtained at Broach. The seed w^as grown as before, and all the plants 
W'hich did not conform to the Broach deshi tyx^e were eliminated, and the seed 
produced from the remainder was sown in the following generation. In this 
case the series wtxs continued for four years ; only in the fourth year had the 
Goghari type been entirely got rid of, as the following figures show^ ; — 




Broach deshi 

Percentage of of admixture 
i with other types 

First year 

( 1913-14 ) 

82-3 

Second year 

(1914-15) 

14-8 

Third year 

( 1915-16 ) 

2*5 

Fourth year 

{ 1916-17 ) 

0*0 
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A third test be quoted. Iii seeking to develop pure strains ot Qoghari 
cotton, we commenced by selecting in the field, with great care, plants which 
completely conformed to the Goghari type. The seeds from these plants were 
somi, and the plants from their produce were examined. The following 
table shows the percentage of these which conformed to the Goghari type 
in 1915-16:— 

Strain per cent, 

. A 43*9 

B .. .. 40-3 

C .. .. 45*1 

Allowing that a limited amount ( not more than 3 per cent.) of cross-ferti- 
lization may have taken place in the field, this would be totally insufficient 
to account for such a large proportion of iioii^Goghmi plants in the offspring 
of those selected. 

These results, therefore, seem to show conelusiveiy in tlie herhaeeum 
cottons of Gujarat, or at any rate in the Broaeli (leshi and Goghari types, the 
following points : — 

(1) That cross-fertilization of the diff'erent types of herlxiceum cottons 

does take place. 

(2) That this cross-fertilization takes place normally to the extent of 

1 to 2*85 per cent, and perhaps more. 

(3) That the cotton plants in cultivation are very largely composed of 

hybrids between the various types described, and, hence, 
ordinary selection on the basis of the characters of the produce 
of a particular plant will not yield a constant type either of 
plant or produce. 

5. characters are hereditary in Goghari eoiton ? 

In considering which of the characters associated with Goghari cotton are 
hereditary, we have studied the following. We will first state what we have 
found with regard to each of them and then describe the data on which these 
conclusions are based. 

Boll characters, 

( 1 ) The shape of the boll ( spherical, tapering, etc. )is hereditary. 

( 2 ) The size of the boll, at any rate so far as the spherical type of boll 
is concerned, is hereditary. 

( 3 ) The quantity of hajpas per boll is hereditary. 

Plant Characters, 

(1) The proportion of bolls borne on primary fruiting branches is 
hereditary. 5 
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Seed and lint characters, 

( 1 ) The ginning percentage of the kafas is hereditary, but there are 
variations from season to season due to reasons other than seed 

weight. 

( 2 ) The seed weight is hereditary. 

The evidence on which these statements are based is as follows 

1. The shape of the boll is heTeditary,^ In ordinary Goghari cotton, as 
grown, there are very great variations in the type of boll. Some of these 
variations are shown in Plate V, fig. 2, which represents the character of the 
bolls in a number of strains (pure) which we have isolated and each of which 
is described in the next section of the present paper. These may be indicated 
as under : — 

A. Spherical in shape and large. 

B. (1) Long and tapering with smooth surface. 

(2) Tapering with rough surface. 

C. Spherical, but small. 

E. Intermediate in type between A and B. 

The original types, from which these strains have been developed, were 
selected in 1911-15, on the basis of these very boll characters. On growing, 
however, they were found each to yield plants with bolls of the most varying 
kinds, more than 56 per cent, in the case of types A, B, and C being rejected 
in the first 3 mar’s crop. By careful selection, however, plants have been 
obtained which breed entirely true to this character. In the strains with 
boll characters represented by A, plants had been evolved by 1918-19 whose 
progeny gave an absolutely uniform series of spherical bolls, breeding true 
year after 5 ?’ear. Similarly in strains with the characters of B and C, the same 
stage was reached in 1916-17, while in those with characters of E, the plants 
bred true as to the type of boll in 1917-18. 

2. The size of the boll and the quantity of kapas per boll are hefeditary. 
In an ordinary collection of bcills of Goghari cotton the variation in size 
is ver}?- great, even in the same season. Some idea of this can be given by 
figures for a large number of bolls from our own plots, which are of course more 
uniform than the types in ordinary fields. The size will perhaps be best 
indicated by the number of bolls required to give one pound of kapcis. This 
varied in two difierent years as follows : — 

1917-18. 181 to 247 or a variation from the mean of 16*4 per cent. 

^ EnUs. “ The Cotton Plant in Egypt, ” London, 1912. 
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1918-19. 214 to 289 or a variation from the mean of 14*9 per cent. 

Several vstrains have been isolated in which the niiniber of bolls 
required to yield one pound of kapas is almost constant in any one season. 

Thus the progeny of different plants of one pure line gave the following 
nil inbers in certain cases. 

( 1 ) 217 and 214 from a parent giving 220 bolls per pound of kapas, 

{ 2 ) 186, 193, 208 and 210 bolls per pound of kapas (parent not 
recorded). 

( 3 ) 249 and 241 from a parent giving 241 bolls per pound of kapas. 

( 4 ) 273 and 288 bolls per pound of kapas. 

In these cases the variation from the mean among the progeny is only 
0*7, 6*5, 1*6 and 2*6 per cent, respectively, and in the eases where the 
character of the parent was recorded, the variation is 2*8 and 3*3 percent., 
though the parent and the progen\^ were grown in different seasons. 

3. The proporHon. qf hoUs borne oth priniari/ Jr iiiting branches is herediktrp. 
It is well known that in all herhacemn cottons there are three positions in the 
plant in which bolls may be borne. They may arise on secondary or tertiaiu’' 
branches, borne either on nionopodia near tlie base or on vegetative axillary 
shoots growing in the upper part of the plant ; and they may occur on primary 
fruiting branches arising directly from the main stem. In most species of 
cotton, the last kind of bearing is almost exclusively found: m kerbaceiini 
cottons, the former kind has a very important share in the number of bolls 
and hence in the quantity of kapas produced. The proportion of the total 
number of bolls borne on the primary fruiting branches seems, however, to 
be constant for a pure strain in Goghari cotton. 

The following table gives figures showing how the progeny of selected 
plants of each strain are constant in this factor. 

Table shotving peremtage of bolls borne on primarg fruiting branches. 

Percentage 


i^'ogeiiy of plant 1 

Strain A2G 

1918-1 

30 ‘0 

Progeny of ]>lant 2 


30*3 

Progen}^ of plant 1 

Strain B3 

3(PS 

l^rogenj’' of plant 2 

. . 

35*0 

Progeny of plant 1 

Strain B21 

2i-(; 

Progeny of plant 2 


',22*5 

Progeny oi plant 1 

Strain 022 

33-3 

Progeny of plant 2 


.. 29*0 

Progeny of plant 3 


29-0 

Progeny of plant 4 


28-8 
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Strain Bo 


Progeny of plant 1 
Progeny of plant 2 


Percentage 
1918-19 1919-20 

32-5 32-4 

. . 36'0 33-8 

The variation between the progeny of different plants is so small, and, 
moreover, the difference in the last quoted case is so slight from year to year, 
that it justifies us in concluding that we are here dealing with a hereditary 
factor. This matter, however, requires further study. 

4. The ginning ‘percentage oj kapas is hereditary. Seeing that in 
Goghari cotton it is the high ginning percentage which has raised the 
variety to its present importance, it is a matter of great interest to ascertain 
how far this quality is one which is innate in any particular strain, and 
hence whether strains can be isolated Avhich possess this very Aniluable 
character in an exceptional degree, and which will breed true. Our obser- 
vations show that such strains can be isolated, that plants derived from 
similarly bred parents in pure line will have .similar ginning percentage, and 
that the ginning percentage of the progeny, in pure strains, will only vary 
within defined limits from that of the parents. 

We will give the figures obtained for the ginning percentage in several 
pure strains and for a series of years. 


Ginning percentage 


Strain A26 .. 

. . 1916-17 

44-6 


1917-18 

42*7 


1918-19 

45-7, 45*4 and 46-6 


1919-20 

42*5 

Strain B3 .. 

.. 1916-17 

42 '6 « 


1917-18 

42-7, 42-8, 42-5, and 43*8 


1918-19 

45*8 and 45*1 


1919-20 

46*9 

Strain B21 

.. 1916-17 

45*4 


1917-18 

42*6 


1918-19 

45*5 and 44*6 


1919-20 

44*8 

Strain C22 

1916-17 

46-1 


1917-18 

42*0, 42*5, 42*4 and 42-9 


1918-19 

45*7 and 45*8 


1919-20 

47*6 

Strain E5 

.. 1916-17 

46*4 


1917-18 

46*7, 46*1 and 46*6 ^ 


1918-19 

49*8 and 48*8 


1919-20 

51*5 


The variation betw’'een the progeny of different plants of the same si-rain 
grown in the same year is very small indeed. Environmental factors appear 
to have a very large effect on the ginning percentage in any one year 
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as compared with any others^ and tliej^ seem, moreover, to Iia ve a soiiiewliat 
different effect in different strains ( e.g., A26 and B3 ). But there are strains 
which consistently give a very high ginning percentage like E5, a nd which may 
have great importance from a breeding point of view on this account. 

A critical examination of these figures, however, suggests that the ginning 
percentage is itself a complex, being dependent on the weight both of the 
seeds and of the lint. A rise in tlie ginning percentage might in fact be brought 
about either by an increase in the lint weight or by a decrease in the seed 
weight, and hence a better figure to measure the proportion of lint in a well- 
developed boll would be to coinpare the weight of lint with the number of 
seeds and not with their weight. That is to say, we should use a figure which 
compares the weight of lint per 100 seeds. This figure has been already used 
by the writers in Egypt under the name '' Lint -index and its value in the 
cases quoted in the last table is as follows :~— 

Lint-index ( iveigkt qf Uni in grammes per 100 seeds ). 


Strain A2l) 


Strain B3 


Strain B21 


Strain C22 


Strain ES 


.. 1910-17 

Grm. 

4-31 

1917-18 

4*29 

1918-19 

4*80, 4*91 and 5*04 

1919-20 

4*82 

.. 1916-17 

4*11 

1917-18 

4*04, 4*] 3, 4*05 and 4*25 

1918-19 

4*66 and 5*05 

1919-20 

5*15 

.. 1916-17 

4*01 

1917-18 

3*98 

1918-19 

4*30 and 4*30 

1919-20 

4*60 

.. 1916-17 

4*33 

1917-18 

3*73, 3*93, 3*92 and 3*95 

1918-19 

4*29 and 4*37 

1919-20 

4*80 

.. 1916-17 

4*49 

1917-18 

4*75, 4*69 and 4*84 

1918-19 

0*50 and 4 '96 

1919-20 

5*73 


The constancy of the lint-index is greater than that of the ginning 
percentage as is well illustrated in the case of Strain A26, 1919-20, as against 


1918-19, and hence it appears to be a better factor to use in considering the 


relationship of the lint and the seed. 

It is a general belief among cotton merchants that variation in the 


ginning percentage in one type of cotton is due simply to variation in the seed 
weight. Our results show, however, that this is not the case, and that in any of 
our pure strains the variation in the seed w-eight is only one of the factors 


MAGANLAL L. PATEL 


wMcli causes cliaiiges in the ginning percentage. The following table shows 
the ginning percentage in several years, and also the number of seeds per 
gramme. There is obviously little or no correlation between the two sets 
of figures. 


1916-17 


1917-18 


1918-19 


1919-20 


Strain 

Ginning 

percen- 

tage 

Seeds 

per 

gramme 

Ginning 

per- 

centage 

; Seeds 

lier 

gramme 

! 

Ginning 
per- 
; ceiitage 

t 

I Seeds 
per- 

gramme 

Ginning 

per 

centage 

Seeds 

per 

gramme 

A26 

44-6 

18*6 

42-7 

17-3 

45-9 

17*2 

42*5 

.,15-3 

B3 

42*6 

18*0 

42*9 

18-3 

45*4 

17*2 

46*9 

17-2 

E5 

46-4 

19-3 

1 46*5 

18-4 

49-3 

18*5 

51-5 

18-5 


5. The seed iveiglit is hereditary. This has already been recognized by 
Ealls^ for Egyptian cotton, and it is equally the case in the Goghari variety of 
Gossypium herbaceiini. The following figures for the same strains which we 
have considered under the last heading make this clear in the present case : — 


Strain A26 


Strain B3 


Strain B21 


Strain C22 


Strain E5 


1916- 17 

1917- 18 

1918- 19 

1919- 20 

1916- 17 

1917- 18 

1918- 19 

1919- 20 

1916- 17 

1917- 18 

1918- 19 

1919- 20 

1916- 17 

1917- 18 

1918- 19 

1919- 20 

1916- 17 

1917- 18 

1918- 19 

1919- 20 


Niimher o f seeds per 10 gT7n. 
186 
173 

175, 169 and 173 
153 

ISO 

184, 181, 182 and 183 

179 and 163 
171 

207 

186 

194 and 186 
176 

196 

194,188, 187 and 19C 

196 and 193 

189 

193 

184, 185 and 180 

180 andl92 
185 


These figures indicate that the progeny of different plants of the same 
strain grown in the same year give seed whose weight varies very slightly. 
It also shows that despite considerable variations from year to year, 
^ Bails. ** The Cotton Plant in Egypt,”J London ,'’1912, 'page 167. 
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a heavy-seeded variety remains relatively heavy-seeded however the 
environmental factors may vary. 

Closely connected with this study of some of the characters of GorMn 
cotton which we have proved to be hereditary, we may note the results of our 
inquiry into the correlation between the shape and size of the bolls in Godmri 
cotton and the ginning, percentage. In commencing selection work on this 
cotton m 191 ;1-15, we relied on tliis character of the bolls as being a favourable 
basis lor selection as a result of statements by several authorities that boll 
c laracters were intimately associated with length of fibre. Thus 0. F. Cooki 
states definitely that there is a correlation between the length of the boll and 
le eUj, 1 o. t le fibie. Kearney- also, in his study of breeding in Egyptian 
cotton, ventures the statement that “ the size of the bolls must be considered, 

. . ..... .because this character is intimately associated with length of fibre 

find the evidence on 

U ich It was based. ^^ Maiii3 held the same opinion, and stated that in 
_ .- le made the interesting observation that a eorrolation exists in the 

mugoMiia cottons the ghmiilg peicMitage on tin, one hand and the 

smin, .1 he bolls on the .then," A bcoad-shapcd boll was found he asso- 

'I^the .!n‘l ® f He, h.nv.ve.., does not 

give the evidence cm which he based this statement. 

to fiitf thr"" 

hnd the corrdation expected; although all our selections were originally 

] 1 7 m ^iT tini pure strains we 

1 .vc eve opec rom them have not given a ginning percentage which varies 

in any sense according to their origin. The following table shows this 


Strain 


A2r> 

B3 

B21 

C22 


Boll characters 


Ginning percentage 


I916-n 


Spherical and large 
Tapering and large 
Tapeiing and medium size 
Spherical and small 


44-6 

42*6 

45*4 

46-1 


1917-18 I 1918-19 


42-7 

42*9 

42-6 

42*5 


45*9 

45*4 

45*5 

45*7 


1919-2( 


42*5 

46*9 

44*8 

47*6 


D S f p. 45. 
z A in* ’ ^&pt. Agru Btir, Plant Indnatry, 1910 n u 

Annvampon Surat Experimental Station, 1911-12 ( Botbly 1912 ). 
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The supposed connection between the shape and size of the bolls obviously 
does not exist. The highest ginning percentage in the series has been given 
by a plant with small bolls which were spherical, and the lowest by one which 
had. large and spherical bolls. 

Another correlation which has been announced to occur is that between 
the size of seed and yield which plants produced from it might be expected to 
give. This was stated by Cook^ in 1908, where ho describes the advantages 
of light seeds, heavy seeds and large-seeded varieties. On the strength of 
experiments by Shoemaker on Triumph cotton, he connected the increase 
in yield rather Avith the development of large seeds. That there is no necessary 
connection between heaviness in seed and the yield of a variety in Goghari 
cotton is indicated by the following table.- A26 was a heavy-seeded strain ; 
022 on the other hand was a light- .eeded strain, the seeds being 5 per cent., 
7'8 percent, 10 per cent, and 19 per cent, lighter than those of A26 in the 
four years 1916-17, 1917—18, 1918-19 and 1919-20 respectively. The table 
indicates the yield per plant in these four years. 


Yield oj kapas per plant. 


Strain 

1916-17 

Grammes 

1917-18 

Grammes 

1918-19 

Grammes 

1919-20 

Grammes 

A26 { heavy -seeded ) 

2-90 

op 

5-38 

7*91 

C22 { light -seeded ) 

4-44 

4-94 

6-30 1 

7*88 


The yield and weight of seed, therefore, seem to depend on altogether 
different factors, and no connection seems to exist betAveen them AvhatsoeA^er. 

One more point in correlation arises. It has been suggested by Gaminie^^ 
though he gives no eAudence AAdiatever in fa Amur of his assertion, that a tall 
shortly branched form of the cotton plant ^'appears to be the more productive 
in all species of Indian cottons.” A statement which might be interpreted to 
mean the same Avas issued by Kottui^ in 1917, but he has since made it clear 
that the tallness of the plant has, in his opinion, nothing to do Avith the yield, 
but rather the proportion between the different types of branches ( fruiting ) 
on the plants. In view of Gamniie’s statement, hoAAmver, it Avas necessary 
to ascertain AAdiether there was any connection betAAmeii tallness and yield, as 

1 U. 8. Dept. Agr. Bur. Plant Industry ^ Circular 11, 1908. 

^ Beport of the Imperial Cotton Specialistt -p. 

^Bulletin m,F4, Dept, of Agri. Bombay, 
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we have again and again, as a result of it, been recommended to carry on 
selection on the basis of the tallness of the plants used for the purpose. We 
have separated two strains : one ( B3 ) which was the tallest of all in the 
sense that the main stem tended to develop to a great extent, and the other 
( E 5 ) which did not have this faculty. The yield in kapis of each of these 
strains per acre grown side by side, in a series of years, was as follows : — 


Year 

Ba 

( Tali strain ) 

E5 

( Strain not tali ) 


lb. 

lb. 

1917-18 

157 

164 

1918-19 

253 i 

318 

1919-20 

332 

510 


It is obvious that in these two strains, both isolated from Goghari, there 
is no correlation between tallness and yield. It is difficult to understand 
how anyone ever supposed that such correlation was likely to exist. 

6. of certam pure line strains r^Goghari eoiton. 

From the discussion of Goghari cotton so far made, it has become clear 
that what goes under that name really consists of a series of strains, all of 
which possess the varietal features described on page 83, but which differ from 
one another by characters which are very important commercially, and of 
which some, at least, are hereditary and breed true. These strains, however, 
are not merely mixed ; they have crossed with one another to an enormous 
extent, and few, if any, of a pure character now exist in the whole province. 
Any attempt to improve or even to fix a standard type for Goghari cotton 
must be commenced, evidently, by the development of such pure strains 
breeding true, which could be the basis of establishing ty pes or of making 
crosses with other strains of Goghari or with other varieties of cotton. 

We have isolated five strains of Goghari cotton^, and we may now give a 
description of each of these as it has behaved in pure line culture since 
191&-17 or 1917-18. 

Strain A2'6. 

The first of these selected strains, which has been termed A26, is derived 
from a selection originally made on the basis of the shape and the size of the 
boll. The manner of making the selection, inthe first instance, "was to pick out 
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in an ordinary field of GogJiari cotton, 188 plants which had round, spherical 
and large bolls. The progeny of each of these plants was sown separately in 
a row, the rows being six feet apart ; from the resulting plants all of which 
did not produce the same characters in the bolls for which they had been 
selected were eliminated leaving those which still gave the characters desired. 
Since that time unit selection among the plants so left has been carried on, 
with the result that since 1918-19 we have a type which has bred absolutely 
true, and which represents a pure line with the following characters. 

The plant of the strain is of a bushy character, and bears a number of 

monopodia varying from one to eight, the most frequent being four to five. 
The leaves and formation of the plant are similar to what is usually found in 
GogJiari plants. The special characteristics are : — 

( 1 ) The bolls are spherical and large, with a very marked point at the 
tip. The bolls open well on the plant, and are fairly uniform in character. 
The average weight of Jcapas per boll is 2*12 grm. 

( 2 ) The kapas gave a ginning percentage of 45*9 in 1918-19 and 42*5 
in 1919-20. The lint-index (that is to say, the weight of lint in grammes per 
100 seeds) was 4*93 in 1918-19 and 4*82 in 1919—20. 

( 3 ) The seed is rather larger than the average for GogJiari cotton, and 
100 seeds weighed in 1918-19, 5*81 grammes. In 1919-20, 100 seeds 
weighed 6*53 grammes. 

( 4 ) The lint varies in length of staple according to the part of the seed 
from which it is derived. In 1920 the average length was as follows : — 


Lint on tip of seed 
Lint on middle of seed 
Lint at base of seed 


Centimetres 

1*72 

. . 2-01 
.. 1*91 


The variation in the length of the staple of the lint at the various parts 
of the seed is : ( 1 ) at the tip 8*5 per cent, below the mean ; ( 2 ) at the middle 
7 per cent, above the mean ; ( 3 ) at the base T6 per cent, above the mean. 
The attached frequency curve shows the extent to- which the staple of the 
lint from the middle of the seed varies in a lot of seed of the pure strain. 

The comparative constancy of the staple is shown by the following 
figures, all taken in the middle of the seed. 

Number of measurements made .. 100 

Staple of 1 *7 centimetres . . . . , . 1 


Do. 

1-8 

Do. 

Do. 

1*9 

Do. 

Do. 

2-0 

Do. 

Do. 

2*1 

Do. 

Do. 

,2*2 

Do. 

Do. 

,2*8 

Do. 


li 


lii! 


/ 




Such are the characters of this, the strain which perhaps most nearly 
approaches the typical Goghari cotton as grown in the count ry. It is retained 
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ill our collection not on account of superiority of either staple or ginning per- 
centage but because it is an all-round good yielding cotton. Its ginning 
percentage is slightly above the average, while the staple represents about the 
mean ioi Goglian cotton. 

Strain B3. 

In the same year as the strain previously described was first selected, 
plants were picked out which had large and tapering bolls, for it was supposed 
at that time that a large boll means a cotton with a high ginning percentage 
and a tapering one would be likely to give a higher staple lint; unit selection 
was continued on the same basis in succeeding years, and a pure strain with 
the above boll characters breeding true ivas obtained in 1916-17. It was then 
discovered that the strain obtained had another character, namely, that the 
main stem was inclined to develop to an exceptional extent, and hence to 
give a tall habit to the plants. 

We have, hence, a plant which while giving about the same number ol 
monopodia as the strain previously described ( the most frequent numbei 
being 5 ) and which hence is bushy in character, at the same time grows tall. 
The habit of the plant is well shown in Plate VI when it is compared 
with a strain ( E5 ) later to be described. The tall character is so far a 
special feature of the strain that if the main stem is pruned, the axillary 
vegetative branches grow vertically and still give a plant a tall appearance.. 
In other respects the plant is typical Qoghari in character. 

The flowering of this strain of cotton was observed in 1918-1 9, when the 
succession of flowers in twelve plants was noted as follows : — 

Number of flowers from October 11 to 17 .. 142 

Bo. Do. 18 to 24 . . 145 

Do. Do. 25 to 31 . . 193 

Do. from November 5 to 10 .. 118 

A gap occurred between October 31st and November 5th, but these figures 
nevertheless show that the flowering is steady for over four weeks, rising 
to tlie greatest frequency in the latter part of the period. After the date 
above given rain occurred and flowering stopped. 

The special characters of the produce in the strain of cotton are as 
follows 

( 1 ) The bolls are tapering, studded with dark dots on the surface 
which is rough. The bolls open as in a typical Goghari plant ; the weight 
ol kapas per boll was - 


(a) in 1917-18 
( 5 ) in 1918-19 


Grm. 

2-27 

1*70 


104 


STUDIES IN arjAE AT COTTONS 

( 2 ) Tlie kapaH a ginning percentage and lint-index as follows 


Year 

Ginning percentage 

Lint -index 

1916-17 

42-0 

4-06 

1917-lS 

42-9 

4-11 

1918-19 

45-4 i 

4-85 

1919-20 

46*9 i 

5*15 


These figures show a tendency, under the conditioiiB of the last two years, 
for botli the ginning percentage and the lint-index to increase, 

( ?> ) The seed was about the average size and 100 seeds weighed as 
follows : — 


Year 

i Weight of 100 seeds 

grm. 

1916-17 

5*55 

1917-18 

5*47 

1018-19 

5*85 

1919-20 

5*84 


( 4 ) The lint gave the following average nieasurements on the different 
parts of the seeds in 1920 : — 

Centimetres 

ijint on tip of seed .. 1*63 

Lint on middle of seed . . 1*94 

Lint on base of seed , . . . 1*74 

The variation from the mean ( a ) at the tip was 7*9 per cent, below, 
{ 6 ) at the middle 9*6 per cent, above, and ( c ) at the base 1*7 per cent, below* 
The lint on the middle of the seed varied as follows, as determined from 
100 measurements made on seeds 


Number of measurements made . . . . . , 03 


Staple of 1*5 

centimetres 




1 

Do. 

1*6 

Do. 




10 

Do. 

1*7 

Do. 




6 

Do. 

1*8 

Do. 




8 

Do. 

1*9 

Do, 




22 

Do. 

2*0 

Do. 


. . 


20 

Do. 

2*1 

Do. 


O'. 


22 

Do. 

2*2 

Do. 


» * 


10 

Do. 

2*3 

Do* 


Of*# 


i 



rii ip: 



MAaANLAL L. PATEL 

105 

The staple in this 

case is, therefore, not only shorter than with 

A26, but 

also more uneven. 

The variation is illustrated in Fig. 3 below. 


Percentage 
of cases 




Fig. 8. Variation in length of staple on the middle of the seed in 
Ooghari B3. 

The lint was examined by Messrs. Tata & Sons, Bombay , in each of the 
years when it was grown, with the following results : — 

Value op lint per candy of 784 lb. 


1916- 17 

1917- 18 

1918- 19 


Fine Broach deehu 

B3 

A26 

Es, 

Bs, 

Ks. 

600 

418 

• • 

950 

800 

• * 

600 

620 

450 
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The strain just described possesses few characters which give it value 
It is a low yielder, and its lint is not only short but is also uneven as in other 

strains of Qoghari cotton. It is maintained simply because of its tall habit of 
growch, whicdi may later causa it to ba usaful for crossing. As it stands it is 

only valuable as showing the low characters of certain of the pure strains in 

Gofjhan cotton. 

Strain B2L 

All the strains of separated originally in 191I-15 and marked B 

were selected because of their tapering bolls, wliic hwere supposed ( as already 
remarked ) to be connected with long staple in the lint. In the present case tire 
boll was, however, only medium size. It was considered as promising in the 
following year, and was obtained pure in 1916-17 .so far a.s the boll characters 
am concerned. The strain has turned out to be of a very leafy eliaracter. 
The plants are not only leafy, but give more monopodia than the strain, s liither- 
to described. The most frequent number of thise tvp of branch is si.x and 
hence It rs more bushy. As a result apparently of this, the percentage of 

bolls borne on the primary fruiting branches is les.s than in any other of our 
pure strains ( page 94 ). 

The special characters of the produce of this strain are as follows 
( 1 ) The bolls are medium in size, and distinctly tapering. They open 
more widely than in any strain that we have isolated; but the' valves do not 
recurve. The average weight of %aas per boll was 


( a) ill 1910-17 
(p ) in 1917-18 
(c) in 1918-19 


Grm. 

1*73 

1*88 

1-84 


( 2 ) The kapas gave a ginning percentage and lint-inde-v as follows 


Year 

Ginning percentage 

Lint-index 

i9ie-i7 

45-4 

4-01 

1917-18 

42 -a 

3*98 

1918-19 

45-0 

4*30 

1919-20 

44*8 

4-60 


percentage has 

gone down, the lint-indes has gone up. 
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( 3 ) Tiie seed was of average size and 100 seeds weighed as follows 

> Weight of 100 seed 

Grm,. 

l .- 16»17 .. .. .. 4^83 

1917 - 18 .. .. .. 5-36 

1918 - 19 .. .. .. 5-27 

1919 - 20 .. ,, 5-67 

( 4 ) The lint gave the following average measurements on different parts 
of the seed in 1920 : — 



Lint on tip of seed 
Lint on middle of seed 
Lint on base of seed 


Centimetres 
l-6o 
. 1*96 

. 1-82 


The variation from the mean ( a ) at the tip was 8-8 per cent, below, ( h ) 
in the middle 8-2 per cent, above, and ( c ) at the base 0'5 per cent, above. 
The lint on the middle of the seed varied as follows : — 


Number of measure inents mafle 
Staple of 1*2 centimetres 


Do. 

1*3 

Do. 

. , 

• * 

0 

Do. 

1*4 

Do. 



0 

Do. 

Do 

Do. 



1 

Do. ^ 

1-6 

Do. 



2 

Do. 

1-7 

Do. 



4 

Do. 

1*8 

Do. 



18 

D'. 

DO 

Do. 



.. 23 

Do. 

2-0 

Do. 



.. 20 

Do. 

2-1 

Do. 



.. 15 

Do. 

2*2 

Do. 



.. 10 

Do. 

2*3 

Do. 


.. 

6 

le in 

this 

case is, 

therefore, 

shorter than 

in either A26 


and is also very uneven even more so than B3. The variation is illustrated 
by Fig 4. 

The lint, on examination by Messrs. Tata & Sons, Bombay gave the 

Allowing values : — 

Value of lint pee candy of 784 lb 


X ear 

Fine Broach deshi 

B21 

A26 


Rs. 

Rs. 

Rs. 

1916-17 

500 

460 

. . 

1917-18 

950 

825 


1918-19 

600 

450 

450 

1919-20 

500 

300 

300 


!' li 
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Percentage 
of cases 



Fig. 4. Variation in length of staple in the middle of the seed 
in Goghari B21. 

The stram so described is a very liess-y yieklei- in an ordinarv veer the 
ba« m fae among onr strains, but in a year of rtanght it is nmch' ailected 
and the yield decreases more in proportion than with the strain E5. The bolls- 
open well which is also an advantage as this means ease of picking These 
are its only advantages for with its low and very uneven stlple-though 
may be useful for crossing in ox-der to get higher yield in a district of vood 
rainfall—; it is, as it stands, a very low class of Goghari cotton. 

Strain C22. 

•n icitLir “ G ” were originally selected 

Mdleton ( ho . cU. ) suggests that under the name of Gundi Goghari types of 
cotton with small and round bolls gave cotton of quality higher than the 
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average. It was obtained pure so far as boll cliaracters were concerned in 
1917-18, and has bred true since then. Its chief character as a plant has 
turned out to be lack of leafiness. The plants, though not leafy, are bushy and 
give monopodia varying in number from two to nine; the most frequent 
number of this type of branch is five, and in this matter it is similar to A26 
previously described. The flowering was early as is shown by the following 
figures for flowers produced on twelve plants ( cf. B3 previously given on 
page 103 ) in 1918—19. 

Number o£ flowers from October 11 to 17 , . 214 

Do. do. 18 to 24 .. 134 

Do. do. 25 to 31 IM 

Do. from November 5 to 10 . , 130 

The flowering started earlier, but continued as late as other strains, so that 
its flowering period was longer. As a result of this, it yields the best in dry 
years, as the earlier formed flowers, which inevitably fall if rain occurs, 
are able to form bolls successfully. 

The special characters of the produce in this strain of cotton are as 
follows : — • 

( 1 ) The bolls are spherical and small, and the number on each plant is 
greater. The opening of the bolls is poor, showing a tendency to be more of 
the Wagad type. The w^eight of the hapas per boll was : — 

Grm. 

{ u ) ill 1917-18 .. 1*78 

{h) m 1918-19 . . 1*61 

( 2 ) The kapas gave a ginning percentage and lint-index as follows 


Year 

Ginning percentage j 

Lint-index 

“1917-18 

42*4 

3*88 

1918-19 

45*7 

4*33 

1919-20 

47*6 

4*80 


The figures show a tendency under the conditions of the last two years 

for both the ginning percentage and lint-index to increase. 

( 3 ) The seed was of smaller size than the types previously described, 

and 100 seeds weighed as under •— 

* Weight of 100 seeds 

Grm. 

1917- 18 .. .. .. ^*27 

1918- 19.. .. .. .. 

1919- 20 . . . . . . » . '‘5*29 

( 4 ) The lint gave the following average measurements on the difiereut 
parts of the seed in 1919”20: — • 


Lmt on tip of seed 
Lint on middle of seed 
l^int on base of seed 


Centimetres 

.. 1*59 
.. 1*91 
.. 1-76 
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The vanation irom the mean ( a ) at the tip was 9-1 per cent, below, (b) 
at the middle 9-1 per cent, above, and (c ) at the base 0-6 per cent, above 
It was hence more uneven than the strains previously de.scribed. 

The lint in the middle of the seel varied as follows, as determined from 
one hundred measurements made on seeds. It is shown in Fitr 5 

O*' 


Number of measurements made 
Staple of 1 *5 centimetres 


Do. 

1*6 

Do. 

Do. 

1-7 

Do. 

Do, 

1-8 

Do. 

Do. 

1*9 

Bo. 

Do. 

2-0 

Bo. 

Do. 

2-1 

Bo. 

Do, 

2-2 

Bo. 


100 

3 
o 

4 
2i 
20 
2o 
17 


Percentage 
of cases 



Fjo. 5. Variation in len^h staple on the middle of the seed ip 
0oghari C22, 
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The staple in this strain is shorter than in A26 and almost similar to 
B2L It is obvious that there is no necessary connection between the small 
boll and high quality cotton as was suggested by Middleton. 

The lint on examination by Messrs. Tata & Sons, Bombay, gave the 
following values : — 



I 

Valve of unt per candy of 

1 

784 lb. 


Fine Broach deshi 

C22 

A26 


Rs. 

Rs. 

Rs. 

1917-18 

950 

775 


1918-19 

600 

450 

450 

1919-20 

500 

280 

300 


On the whole, the strain may be described as a heavy yielder in dry years, 
the best, in fact, among our strains. In ordinary years it yields only 
moderately. Its ginning percentage is higher in fact than any except E5. 
These are its only advantages, for it has a low and very uneven staple. 
It might, however, be useful for crossing to get a higher yield and higher 
ginning percentage for the drier tracts. It is, as it stands, a very low 
class of Goghari cotton. 

Strain E5. 

This strain of Goghari cotton, whose ginning percentage is so high as to 
place it in a class by itself among herhaceum cottons, and which promises to 
be a very valuable discovery for purposes of crossing with strains of Broach 
deshi with better staple, was selected in 1914-~15from a plant bearing bolls 
intermediate in shape between the spherical ^ A’ and ^ C ’ types and the tapering 
* B It has been studied in greater detail than the other vstrain as its 
importance may be considerable in the future. It was obtained pure in 
1917-18 and has been maintained so since that time, the boll characters 
breeding true in each generation. 

The plants of this strain are of a less bushy character than those previously 
described. The number of monopodia, varies from none to eight, the most 
frequent being three to four. This character appears to be constant from 
generation to generation. The rate of grow^th of monopodia indicates that it 
is a late type of cotton in an ordinary year, but that after three months these 
monopodia grow very rapidly indeed. This is on the whole an advantage as 
late growth and development of flowers are, in Lower Gujarat, an indication 
that there will be less shedding of flowers or bolls owdng to rain. In the fourth 


ml 

1441 
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nioiitli the, rate of growth of the main stem -and of the monopodia was, equal 
coxiiited in nodes. The relative growth counted in nodes, at t]).e time when 
the flowering was just eoinmenciiig in 1919, on the dilferent types of branches 
was as follows Monopodia : Primary fruiting blanches : Axillary vegetative 
shoots growing on primary fruiting branches : Axillary vegetative shoots 
growing on the main stem ( The growth of vegetative shoots on monopodia, 
axillary vegetative shoots growing on primary fruiting branches and on 
axillary vegetative branches on the main stem were not noted)l:l*5: 
0-4: 1*5. 

It must be recognked that there is a large seasonal factor in such a 
figure, however, and stress must not be laid upon it as characteristic of the 
strain. 

The growth of primary fruiting branches is particularly vigorous in this 
strain, and is very regular ; as a result they give rise to an exceptioiially large 
number of axillary shoots rising from axils at various points in their length, 
a very peculiar character in this and other strains which are especially vigorous 
in the development of such primary fruiting branches. Such axillaries grow 
much more rapidly tlian the original fruiting branch and produce several 
short new fruiting branches, so that they also increase to a considerable 
extent the rapidity with which the flowers are produced. This is very marrked 
in a year when the rain tends to cause late flowering, and almost disappears 
in a year of drought. 

Generally spealdng the characteristics Just described are desirable for a 
type of cotton in the area under consideration. It secures, if there is a dry 
season, that the flowers formed directly on the vigorous primary fruiting 
branches should form bolls, and at the same time, if these fall owing to 
unseasonable rain, there will be at least as many bolls, rapidly formed later, 
on the special axillary shoots rising from them as described above. It means, 
therefore, that the proportion of the total bolls on the plant which are borne 
on the primary fruiting branches and the axillaries which rise from them is far 
more constant than could otherwise be the case. The figures actually 
obtained with the present strain in the two very different seasons of 1918-19 
and 1919-20 are as follows : 1918-19 was a year of very severe drought : 
1919— 20 was a normal season, except for late rains in tTanuary. 

Pwpor Hon of total bolls in the plant which are borne on priMaf jf 
fruiting hranches and their axillaries* 

, Per cent. 

1918 - 19 .. 34*3 

1919 - 20 .. _ 33 .^ 



1918 - 19 

1919 - 20 
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The s|)ecial characters of the produce in this strain of cotton are as 
follows: — 

(1) The bolls are intermediate in character between the large tapering 
and the large spherical type. The opening is complete. The weight of the 
hapas per boll is : — 

Grm. 

(<x) 1917-18 .. .. 2*25 

(&) 1918-19 .. .. 1*601 

(c) 1919-20 .. .. 1*41/ 

( 2 ) The hvpas gave a ginning percentage and lint-index as follows : — 
Year Ginning percentage Lint-index 

1917- 18 .. .. 46*5 4*76 

1918- 19 .. .. 49*3 5*23 

1919- 20 .. .. 51*5 5*73 

The giiining percentage of 1919-20 is probably above the normal for the 
strain, as part of the first picking was lost owing to late rains. But, in any 
case, the ginning percentage of this strain is remarkable, and it may be relied 
on to give between 46 and 50 every year. This is an extremely valuable 
quality and one of which use can be and is being made in crossing. 

( 3 ) The seed was an average Ooghari size. One hundred seeds weighed 
as follows : — ' 

Weight of 100 seeds 
Grm. 

1917- 18 .. .* .. .. 5*44 

1918- 19 .. .. 6*39 

1919- 20 . . . . . . . . 5’39 

( 4 ) The lint is very coarse and poor and gave the following average 
measurements in 1919-20 : — 

Centimetres 

Lint on tip of seed .. .* 1*40 

Lint on middle of seed . . . . 1*71 

Lint on base of seed . . . . 1*65 

The variation from the mean ( a ) at the tip was 9-6 per cent, below, ( b ) 
at the middle lO'S per cent, above, and (c) at the base it was exactly the 
mean value. The lint was, therefore, very uneven on the seed. 

The lint in the middle of the seed measured as follows, as determined 
from one hundred measurements made on seeds. The variation is shown in 
Fig. 6. 

Staple of 1'3 centimetres . . • . 1 


Do. 

1*4 

Do, 

Do. 

1*5 

Do. 

Do. 

1*6 

Do. 

Do. 

1*7 

Do. 

Do. 

1*8 

Do. 

Do. 

1*9 

Do. 

Do. 

2*0 

Do. 

Do. 

2*1 

Do. 


* In both these seasons there was a very large amount of shedding of bolls, in 1918-19 
ag to the long drought and in 1919-20 to the late rain. These figures are hence not normal. 



*ij| 


I 
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Oil tlie whole, therefore, the strain may be described as a good yielding 
one, little affected by the character of the season, giving hajpas of the highest 
ginning percentage known among herbaceim cottons, though the lint is short, 
coarse, and uneven. It is likely to have special value for producing a cross with 
Broach deshi cotton. For itself, it is almost worthless. 


The relative characters of each of these strains, on the average, for the 
last two years is shown in the following table. Fine Broach deshi cotton 
is taken as being worth Rs. 500 per candy. 


Strains 

Yield of Jcapas 
per acre 

Yield of lint 
per acre 

Ginning 

percentage 

Value per 
candy 

Value per 
acre 


lb. 

lb. 


Rs. 

Rs. 

A26 

331 

147 

44*2 

337 

63 

B3 

292 

135 

46*1 

, , 

, . 

B21 

455 

205 

44*9 

337 

88 

C22 

369 

172 

46*6 

' 327 

72 

B5 

414 

209 

50*4 

327 

87 


7. Comparison oj the strains oj Goghari cotton loith 'pitre-bred Bxormli 
deshi cotton. 

The description just given shows the characters of typical strains of 
Goghari cotton. It is now advisable to put besides them a detailed description 
of one of the tjqiical strains of Broach deshi cotton, which we have isolated at 
Surat^, and which breeds true. The strain was selected in Navsari cotton 
and has been bred pure under the name 1027 ALF since 1916-17. 

The plant is bushy, bearing a number of monopodia at Surat of 1 to 10, 
the most frequent number being 6 to 7. Its vigour is less than that found 
in most Goghari cottons and this is particularly the case as regards the 
development of axillary shoots and branches, and also of primaiy fruiting 
branches. 

The special characters of the produce of this first class strain of tlie 
Broach deshi cotton are as follow^s : — 

( 1 ) The bolls are large and tapering, being very similar to those of 
Goghari BZ, Except that the surface is smooth and the dark spots are absent. 
The opening of the bolls is very similar to the most open type of Goghari, 
the recurving at the edges of the valves being only slight ; the -weight of 
Jcapas per boll is : — 

■ Grm, 

1917 - 18 .. .. 1-20 

1918 - 19 .. .. 1-49 

1919 - 20 . . . . 1-39 

I Surat is forty miles distant from Broach where the Gog'AaW types Were grown. 
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This weight is smaller than in any of our strains of Qo,jh„ri. 
( 2 ) The Jcapas gave a ginning percentage and liiit-iiid 


<‘X as folio W's 



1016-17 

1917- 18 

1918- 10 

1919- 20 


m| 

i:l 


Tiii' 


This shows the most obvious difference between the Broach desJii tyne 
and the 

(3 ) The seed was on the whole heavier than most tvpes of ddoqhari 

One hundred seeds weighed as follows 

Weigilfc of 100 seeds 
G-rm. 

5*68 

• *• •• •* 6*29 

6*06 
5-82 

This is, however, not the characterstic of Broach rfes/ri as a whole. 

( 4 ) The hnt is long, fine, and silky, and it gave the following average 
measurements m 1919-20. fe e 

Centimetres 

Lint on tip of seed 2*16 

Lint on middle of seed , , 2*69 

Lint on base of seed .. 2*39 

. f , , ( « ) “t tie tip 9-2 per cent. beW, ( 6 ) 

'«*»-4pee cent, 

ml „f « T: '’«“«■»' »« diferent 

seel j« ! Ti; ““ ™ *■'** “fti" 

seed! ■- '’“'® “ *“■” too mmememeiifa made oe 


Staple of 2*1 centimetres . * 

I>o. 2*2 Do. 


. . 

Do. 

2*3 

Bo. 



Do. 

2*4 

Bo. 



Do. 

2*5 

Bo. 



Do. 

2*6 

Bo. 



Do. 

:2*7 ■ 

Bo. 



Do. 

2*8 

Bo. , , 



Do. 

2*9 

Bo. 



Do, 

3*0 

Bo. 

• 0 
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The staple is hence very much longer than that of any Goghan strain we 
know, the bulk of the lint at the middle of the seed being from 2-6 to 2'7 centi- 
metres in length. This is illustrated in the figure below : — 

Percentage 

of cases i 



Fig. 7. Variation in length of staple on the middle of the seed in 
1027 ALF. 


The lint on examination by Messrs. Tata and Sons, Bombay, gave the 
following values : — 


-! 

Year | 

1 

1 

Value oe lixt pee cand^ oj 

7S4 lb. 

Fine Broach deshi 

i 

1027 ALF 

Goghari A26 ' 


Rs. 

Bs. 

Rs, 

1917-18 i 

950 

1,089 


1918-19 

600 

762 

450 

1919-20 

500 

j 

550 

300 


On the whole, therefore, if we compare this representative strain of the 
Broach desH cotton with the several Goghari strains which we have 
described, we have as shown in the attached table: — 



I 

11 

' ! 





i 


) 'I 
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III. The IDEAL TYPE OF herbaceum cotton for Lower, Gujarat. 

Altliougli the climate and soil conditions are sufficiently varying to make 
it probable that strains of cotton with somewhat different characters will 
furnish the best and most profitable types of cotton for different areas in 
Lower Gujarat, yet there are certain features, which our inquiries reveal 
which ought to be possessed by a cotton plant, which can be considered, 
as in any way satisfactory in any part of the area specified. These 
characters we shall have to describe, but before doing so, it is perhaps 
necessary to insist on two or three preliminary considerations. 

It goes without saying, in fact, that any plant which is selected must be 
pure, and if possible consist of a pure line. This necessity has never really 
been adequately realized by growlers or by traders, and as a result w^e have 
at present a mixture of types everywhere, some of which are suitable to 
the tract while some are not ; some give good staple cotton, some on the other 
hand are poor ; some give high, some low ginning percentage. Thus apart 
from any regular mixture of the three varieties previously noted, we have 
very extensive admixture of strains of cotton everywhere, which are 
of extremely different agricultural and commercial value. We wish to 
insist on this point because it is often supposed that provided the Goghari and 
Waged types are eliminated, the Broach deshi which remains will be uniform 
and of high quality. This is by no means the case, and it is necessary that 
there should be available definite pure strains of the best variety of cotton 
for each tract which can be grown with certainty of the quality of the 
produce. This is not the case at present even when the so-called pure 
Navasari or Surat staple cotton is grown. 

The second necessity of an ideal type of cotton is that the staple and 
ginning percentage should be as high as possible, consistent wuth a good yield 
of kapas. Up to the present, the possession of good staple has been con- 
sidered as likely to occur with a cotton giving a poor ginning out-turn and 
generally poor yield in the field. All the definite evidence, how^ever, w-ould 
seem to indicate that there is no necessary connection betw^een high staple 
and either low^ ginning percentage or low" yield. With regard to the latter 
point an experiment w’as made in 1908’*-09^ of transferring large quantities of 
Broach deshi seed from Navsari to Ahmedabad for cultivation. This, though 
the best stapled seed in the province, is in its own home a very low 
3 delder, but at Ahmedabad it proved to be equal to local types of Broach 
deshi m this respect. Its ginning percentage remained lower than that of 

^ Eeport^ Stirat Agricultural ^^aliori, I908~0a, p, 62. 
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tlie local types grown,, but there was no coinplairit tliat it did not yield 
equally well. 

With regard to the supposed connection between staple an<l low ginning 
percentage, the negative evidence is still more clear, and we lnn''o succeeded in 
obtaining strains of cotton which are at the same time of better staple than 
that usually grown, and which give a large ginning out-turn. The following 
table shows the average for ordinary Burat ( Broach deshi ) cotton grown at 
Surat in these particulars together with the figures for three strains which 
have been selected from it in 1919-20 : — 


Type of cotton 

Staple on 
middle of seed 

Gignning per- 
centage 


cm. ' ; 


Pure Surat cotton average 

2*:io 

33*1 

1 

Selection 1 A ( cylindrical boil ) 

2-50 

37*0 

Selection lA ( long boll ) 

2-50 

39*1 

Selection 1027 ALF 

2-61 

33*9 


These figures prove that an increase in sta|>]e and, giniiing percentage 
may be obtained at the same time, and if this is the case, it o]}ens up possibi- 
lities for the development of cottons in both directions, hitherto not adequately 
realized. 

But if we get pure cotton of the maximum ginning percentage and the 
greatest possible length of staple* there are certain characters in the plant 
in Gujarat herbaceum cottons which seem to be needed in order to obtain the 
best yield ol bolls and hence of kapas under the climatic conditions of Lower 
Gujarat. To make the matter more clear, we may note that these cottons are 
sown in J line and are reaped in January to March of the following year. Fairly 
general rain may be expected in a normal year until early October, with occa- 
sional showers later, though sometimes considerable rain falls after this time* 
These characters are as under 

1. The plants must be able to resist heavy rain when very young, that 
is to say, when they have less than six leaves. The character of the rainfall as 
well as the soil in Lower Gujarat is peculiar. Tlie soil over the greater part 
of the cotton growing tract is of a heavy black type. Now this cannot be 
protected against excessive rains by being formed into small ridges, for the 
slimy character of the wet soil causes such ridges to disappear very quickly if 
therapidity with which the mins- come k such as to over-saturate the soiL 
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Ajid the rain, in the latter part of June and especially in the early part of July 
at Surat, for example, is such that excessive falls are very frequent ; if the 
plants are on small ridges these latter disappear and the plants are covered 
up ; if they are on the flat they are drowned by being compelled to remain in 
water-logged soil temporarily. Hence every year the mortality among the 
cotton plants is considerable and very often whole fields have to be resown. 
Some strains resist this drowning better than others. Among Broach ieshi 
strains, we have one ( Selection 1 A, cylindrical boll type plant ) which resists 
better than any other we know. Similarly one of the strains of Qoghari 
previously described ( B21 ) is equally good in this respect. 

2. The plants must possess the largest number of monopodia, i.e., the 
vegetative branches formed in the lower part of the main stem, the number 
and vigour of which very largely determine the bushiness of the plant. They 
give rise to secondary fruiting branches, which bear a considerable proportion 
of the yield of the cotton plant in Gujarat, and as the flowers on these shoots 
generally appear at a time when they are not likely to be spoiled by rain, it 
is very important that they should be encouraged to the greatest possible 
extent. That there is a probable relationship ( other things being equal ) 
between the number of monopodia and yield is shown by the following 
figures for three strains of Broach deshi cotton at Surat in 1920, which differ 
markedly in this respect. 


Strain 

Number of 
monopodia 

! Yield of hapas 
per acre 



lb. 

1 eylindrical boil type 

6 

756 

Cl 

5 

693 

1027 AMP 

4 

517 


This difference will be less marked in a very dry year as in 1918-19, but 
in a normal year such as occurs in eight years out of ten, the above figures 
will indicate what wfill certainly happen. 

The reason of the advantage which the strain with many monopodia 
will show, lies in the fact that the cotton is planted in June and on account 
of the rain it is not desirable that flowers should appear in large numbers 
before the middle of November. We refer to this matter again under 
item 4- below. 
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3. There should be the immnmm development reye/ulive branches on 
tM^ plmt ( mompod4a and airiMim, vegetatke shoots arising from the main 

TM,s is illustrated by the following figures, in which in 1919-20 we have 
measured the total growth of the vegetative branches in nodes, in three 
strains and compared them with yield. 


iStraiii 

Total growth of 
vegetative brnnehet 
in nodes 

\leld of kapas 
per aere 



lb. 

lA eyliadrioal boll type 

4,318 

756 

01 type 

3,86.3 

693 

1027 ALP .. ! 

i 

3,.595 

51; 


While these figures are not enough to prove absolutelv the connection 
yet they indicate the direction in which higli yield is to be found in Gujamt ’ 

4 Flowering should not commence till November 15th and should be 
completed before the end of January. 

The reason for this is that before Gie middle of fine weather 

cannot be relied upon, and if rain or cloudy weather occurs, there is a very 
lar^ejhedding of flower buds. Hence it is wi.se to have a plant, if this is 
possible, which does not produce many flowers before that time The 
flowermg must be completed before the end of January, because the whole 
harvest must be made before the end of March as, owing to the verv hic^h 

tempera ture during March, April, and May in Gujarat, there is a very large 
Lvmirable t'* “ost 

a. -nadiHr,:™*' 

tl. L, ‘’1’“ '“"PletelT. The eSe ol 

the bolh ,» e „uaov p„u,t bet does lead to cheaper »„d easier 'picking Tl.e 

easier that' tie 

Ot considerable importance. 

cotto?'"' an ideal extent in any of the 

perhaps in'^theTAT'^^^'K to them at present is reached 

in ']027 ALF t P . I *1^"' 

Navsariarea Th suited for the 

Navsan area, Ihese are hence being now multiplied on a large scale, • But 


PLATE VII. 



Position of the accessory bud, right. 

1, Primary fruiting branch with a flower at the third node. The spiral is against the hands of a 
watch. 

2 & 4, Primary fruiting branches with a flower at the second node ; the spiral is by the hands of a 
watch. 

1 A, Tertiary axillary limb having tertiary fruiting branch with flower at first node. The spiral 

is against the hands of a watch, similar to (1) as it is at odd node. 

2 A & 3 A, Primary accessory-fruiting branches with the flower at the first node; the spiral by the 

hands of a watch, even though at odd node ( opposite to lA and 1 ). 



PLATE Vril. 



A shoot. The axil of a leaf having a primary fruiting branch, A ; 

accessory primary fruiting branch, B ; and axillary vege- 
tative branch, C ; position of the accessory bud, left. 

A, Flower at the second node ; spiral of the flower 
against the hands of a watch, 

B, Flower at the first node and still the spiral is against 
the hands of a watch, because it is directly from 
the accessory bud. 
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they are nevertheless deficient in somp, oi the characters .most, to be desired, 
and if the ginning percentage could be'built hp by crossing ' mth one of the 
Qoghari strains, it is possible that new strains superior to either could be 
obtained. It is in this direction that work is now being largely done and in 
which future progress towards the ideal is now likely to be achieved. 
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APPENDIX. 


CERTAIN MORPHOLOGICAL CHARACTERS IN GO.SSIP1UM. UEBBAOmM. 

1. The fate of accessory buds occiiring in the axils by the side of primary 
fruiting branches in Gassy pinin herbaceum, may be of several kinds ; either 
such accessory bud may remain dormant as occurs in. a good many of the buds 
near the base of the cotton plant, or it may develop into an axillary vegetative 
branch and this is what usually happens in the middle part of the main stem 
of the plant. There is, however, a third possibility tliat tliese accessory buds 
should develop directly into primary fruiting branches so that there would be 
two such primary fruiting branches arising from one axil. This third 
possibility has never been noticed on Indian cottons ; indeed Leaked has 
definitely stated that this does not occur in Indian types and that the 
branch from the accessory bud is never sympodial 

Burt and Haider^ have found the character common however in Cawn- 
pore-American cotton and they state that flowering branches are found to 
arise from flowering branches. This character is inherited regularly and 
appears in all plants of a race though in a varying degree and, when well 
developed, is often associated with the appearance of flowering branches from 
the accessory bud on the main stem, on the monoporlia , as well as on 
the axillary vegetative branches near the top. 

We have found that the phenomenon in c|iiestion is very common also 
among plants of Gossypium herhaceiim grown at Surat. A doubt might occur, 
however, as to the nature of these shoots arising from the accessory buds 
especially as Leake classifies such cases as apparent exceptions and state that 
they can be traced to local damage. That this is not the case, can, however, 
be clearly proved by a consideration of the aestivation of the flow^ers on the 
two primary fruiting branches arising from the main and accessory buds in 
the same axil, which should always be in the opposite direction to one another. 

1 Leake and Kamprasad. “ Studies on Indian Cottons, Part I — The Vegetative 
Charaot^rs/’ Mem. Dept. Agri. hidia, Bot. Series, Vlf no. 4. 1914 : and also in “ Observations 
on certain Extra-Indian Asiatic Cottons.” Mem. Dept. Agfi, JBot. SerieSt IV? no. 5, 

1912 . 

s Burt and Haider. « Cawnpore-American Cotton. ” Piisa Bulletin no. 88. 1919. 
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If, however, the accessory bud had developed first into a vegetative branch 
however small, which had then given rise to a sympodium, the sestivatioii of 
the flower on such a sympodium would be in the same direction as on the 
primary fruiting branch arising from the main bud. In all the cases which 
we have examined, and such cases are very common in the upper part of the 
plant at Surat, the sestivation of the flowers is found to be in the opposite direc- 
tion on the two primary fruiting branches arising from the node in one axil. 
This proves, we think, that in Gossyjmm Jwrbaceum at Surat at any rate, both 
buds ill an axil may form sympodia. Illustrations of such occurrences will be 
seen in Plates VII and VIII. 

The following example will make the point clear : — 

Suppose that the position of the accessory bud is on the right side of the 
main bud. The aestivation of the flower at the first node of the fruiting branch 
developing from the main bud, wfill be against the hands of a watch, while the 
aestivation of the flower at the first node of the fruiting branch developing 
from this accessory budwhllbein the same direction as the hands of a 
watch. 

In the case of the flower at the second node of the fruiting branch 
developing from the main bud it will be in the same direction as the hands 
of a watch, while in the case of the flower at the second node of the fruiting 
branch developing from the accessory bud, the aestivation will be against 
the hands of a watch. This rule is applicable at all further nodes. 

The opposite is the case in both sorts of branches when the position of the 
accessory bud is on the left of the main bud. 

2. The lecij-^actor. In connection with the various species of Gossy^ 
pium, the term '' leaf-factor ” was introduced by Leake^ in order to define by 
a single figure the relationship betvreen the breadth of the middle lobe of the 
leaf and the indentation of the leaf, and though some doubt has recently been 
raised by Kottur as to its simple character, yet it is a convenient figure for 
the purpose in question. There is a good deal of interest attached to the 
consideration as to how the shape of the leaf as thus described varies on difierent 
parts of the plant, and Leake has stated that in his observations the leaf- 
factor of the leaves on the primary fruiting branches is the smallest, on the 
main stem somewhat greater, while on the’ monopodia it is the largest of all. 
This relationship applies, according to Leake, to all types of cotton which he 
has examined. 

So far as various strain>s of Broach deslii and Goghari types of Gossygjium 
herhaceum grown at Surat and Broach are concerned, w^e have found, however, 

^ Journal of Genetics f 2209 1910-^11 1 
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results which differ slightly from those noticed by Leake. Accordin-r to our 
observations, while the leaf-factor of the leaves on the primary “fraiting 
branches is the smallest ( as Leake states ) the leaves on the main stem theim 
selves vary a good deal and the results differ with different varieties. While 
the leaves on the lower part of the main stem in Brjacli deski have a smaller 
leaf-factor than those on the monopodia, those on the upper give a hio-her 
figure. In GogJian, on the other hand, our figures indicate that it is larger 
on the leaves of the main stem. The average figures for the different tynes 

of leaves in 1919-20 are as imder 

Lmf~fackn\ 

T» • i -X . ■, Brouch dmhi strains Goglmri strains 

Primary iruiting brandies .. .. _ |,^ 3 g swains 

Lower portion of the main stem .. 2.14 

Upper portion of the main stem ( Leaves above the ^ 

15th leaf ) . , , . , , 

Monopodia .. 

1*24 l-OB 

3. Growth period of various tgpes of branches. There are, as has been 
frequently noted in connection with the cotton plant, four tvpes of branches 
m connection with which flowers and bolls may be formed: The period of 
flovvermg and the length of time that the flowering lasts depends very largely 

on he relative development of each of these types of branches and hence il 
18 of some importance to ascertam the growth period of each type as one of 
the factors which determines the yielding capacity of the plant. The various 
types of brandies involved are : — 

( 1 ) The primary fruiting branches or sympodia. 

( 2 ) The monopodia or primary vegetative branches which bear 
secondary fruiting branches. 

( 3 ) TIi, axilLry vegetative brenehee ocoutmg in the ,^1 „( tbe leave. 

bear Lr; tri ““ 

on til * sjollary vegetative btancbes occurring in the anils of the leaves 

*>“ twelve, bear fnuting 

fruiter btlt’* “““ 

aamr,l ,t i l borne in connection with tbe 

tVM oTl, i eujeriments on this 

and the aon'*^*”* °®ttoa, the vegetative period or the period between sowing 
and the app.ar«ice of the first dower was about 207 days, and he draws tht 

‘ Mem,, of the Dept, of Agri. India, Dot. 3er., VI, no. 4 ( 1914 ). 
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f contrast between this and the corresponding period in the sympodial 

cottons where it is 80 to 90 days. 

So far as Gujarat is concerned and with Broach deshi variety, we find that 

this vegetative period is much shorter than is stated by Leake. In 1918-19, 

when the long drought and low rainfall gave an opportimity for the first 
formed flower buds to develop, the vegetative period for Broach deshi 

♦ strains was only 120 days. 

In 1919-20, however, when owing to rain and bollworm attack, the first 
formed flower buds were destroyed, the period extended to 135 days. But 
both of these figures are far below that given by Leake, and it is probable that 
the exact time is very largely a matter of climatic conditions under which the 
cotton is grown. 

The period during the growth of a Broach deshi plant required by the 
first branches of each land as appeared at Surat, was as imder in 1918-19 and 
1919-20 

The first monopodium appeared in both years between 1 to 1^ months 
’ after germination ; the first primary fruiting branch was noticed between 

I 1 1- to 2 months ; the first axillary vegetative branch on the main stem appeared 

i after 2 to 21- months growth ; and the first axillary vegetative branch on the 

I primary fruiting branches appeared after 4 to months. 
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DIE-BACK OF CHILLIES {GAP^SIGUM 8PP.) \N 

BIHAR. 


JEHANGIE FAEDUNJI DASTUE, M.S ■„ 

Sc and Imperial Mijcolocfiri. 

[Received for piibiicatioii on 23rd Aijri'. 1921. | 

The most serions disease of chillies (Capsicum annuum and C. 
f I utescens) ill Bihar Is the die-back disease, due to V evmicularia Capsid 
M' hich causes considerable damage to the crop, in years when thei’e 
IS CMitinuous rain or high humidity in the latter half of Seiitember and 
beginning of October. In Bihar, the disease first appears in the end 
of September or in the first half of October, when the plants are mature 
and have commenced to flower. It spreads Hrulently from field to field. 
In severe cases of attack the plants are either completely killed or so 
badly diseased that the yield of healthy fruits is negligible. The first nip of 
the dry cold weather puts a sudden check to the progress of the disease which 
eventually dies away ; the plants then recover and put forth new healthy 
shoots. The critical period when the plants are subject to the attack of 
the disease is, therefore, of a short duration, about four to six weeks. 

Plants growing under shade have been observed to suffer very little from 
this disease. Late smvn crops are also very little affected but unfortunately 
yield a very poor return. Fruits that mature before the beginning of 
December get badly diseased, to the extent of about 35 per cent., but those, 
that ripen later escape the disease, the percentage of infected fruits after 
the middle of this month being negligible. 

Macroscopic characters. 

(a) Ihe stem. The attack as a rule commences from the growing point 
or the flower-bud, and therefore the presence of the disease in the early stage 
of attack is maified by the top of the affected branches withering and turning 
brown (Plate I, fig. 2). The plant dies back as the attack spreads downwards ■ 
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when it reaches a fork the infection runs up the sound Ijmh. fn some rases 
the attack starts not from the growing point but from a woimrl on the stem 
As the disease, progresses, the infected part of the .st<'mia,kes on an rnamcliod 
white colour and is sharply demarcated from the iiealihy green bark bya black 
line running round the whitened area. The wliite of the diseased part is 
punctuated by scattered black bristly and ininute elevation, s, which are the 
acervuli of the fungus (Plate I, fig. 1 ). 

(h) Ihejnnf. The fruits become visibly disea.sed when thev turn red 
wry seldom while they are still green. The first outward sign of infection is 
the appearance of a small black circular speck, generally sharplv defined but 
at times diffused. The disease spreads not concentrically, but 'more in the 
direction of the long axis of the pod, so that the originally circular spot becomes 
more or less elliptical. As the infection progresses the spot is either diffused 
and black or greenish-black or dirty grey, or is markediv .ielimited bya thick 
and sharp black outline enclosing a lighter blacdc or straw-coloured area. 

wo or more diseased spots may become confluent, tbeivbv destroviii" the 
regularity of the individual spots, but the delimiting Idaclc iine is not always 
completely obliterated where tJie infected areas have iinite.1. Badly diseased 
pod, s lose then norma! red colour and turn stmw-colourod or in some cases 
pale white Plate I, fig. 3). Theacerviili are generally densely gregarious or 
scattered all over the infected parts ; at times thev are concentric. They 
project a little above the surface of the pod and are bristly and carbonaceous. 

e spores ooze out of t,lie acervuli in pink masses or strings under moist 
conditions. 

When a diseased pod is cut open the lower surface of the skin is found 
covered with minute, black, spherical elevations : these are the stromatic 
masses or sc erotia of the fungus. In advanced cases the seeds are covered by 
a felt of white mycelium, in which are embedded a few black or grey-green 
stromatic bodies. Infected seeds turn rusty in colour. 



Microscopic characters. 

(a) The ,tem. Sections through a slightly diseased stem show the infected 

issues ,0 lave turned yellow or brown and the cell cavities to be filled ufith a 
s milarly coloured gummy substance which hides the hvph®. The use. oJ 

mZZdTl'' tissues outside the xylem are 

Di««^«edxyiem 

presence of tChT ’ - i ail's the 

advanced cases T ® ^ vessels can be clearly traced. Even in very 

advanced cases of attack, the xylem vessels have not been found choked 



‘A *(. 1* iil!l 4 ^ 


^ J dTLn 7i0lTA*^iuW.Xa 

byh j')s«j\<)0 \VnM\wjsiwi'v^ 

^ /AfH biu-jWir I 

t iwufi hiiB ai'if/oll ^jnwoilB |o xluili ,t 

<' , • t' kijfhifi ,jf.l>jjd 

b^<ii}0feUj oVi1’ .Z 

K ^yIu7if>:iB ni. A 

.^JOg X HiiUiM ,T C 

.di4^ X «ii>iif<r^ It) fioilyfiijui-yO 

tBiiwi aliii’i! b* bifilebiqa/jilj ni uoiiwiiiol MmnlH Jl 

.TtT» X 'ihiinti mii lu 

■ aJiuil'J «i WWiSitl I'rtJJ i;p««X “ iiioii bsatiboitjoi ii'nnl t)vuil T butt it 
.•i‘>I}uf ' ti, 4' *1*^1 49 |l.)Otti itilJ l<' auia^iiimaq bitii ail> 

. ^ ^ ‘ M' i ^ “ '( < ‘ ' '! ’ 

*8* ; ^ i . f 

t f’ ' . n # ^ t ' 


: ar; 

, _ 4 f ^ 




tt: 


I'S 





' ‘ explanation op plate I. 

, ’ ’ 

J, 1 ,, Fmwicttlam Cttjwtci Syd 

_l. ^ A diimsed stem, natoal si5». ^ ' 

, ; ; 5 H « of *0-b»ck showing infection through flowers and flower 

__ hA naturai size, ' 

3. Two diseased fruits, uaiiural siste. * ‘‘ ''' ' ‘ ‘ 

An aiEhfvulus k‘*240.* ‘ ' i . i : 

Fi^! S-7. * Parts of spoitidodhW ' X fl03; i ; ' « . 

PSfl. '‘Si ■ ‘®eraiihatioii tof oonidiA X*240. i-i .i- ' t ; ■ . 

«ii. «t fruit. .homng p„ti., 

’< 'dWiructioA'td the cuticle X '827. '«< s'l!,- •, i , >m ,i. i 

, , , T “ P^*^"**'*** S/B*rt!er.< ' ' 

i - » »♦! . « »i.rf« t , , . i hu M -.ti,,, i ... 


' * ! );,) j, I . 

fun ‘ (i _■■ 'niii', ' 1 ^' ,I‘ 
dj’iiHi.Vf! >1 

Ipmn ’wl'iH hi <■<<; ! .-j 

I!,'" n>f<i-.t; !•<'<" If.' ■•.■.>.iru«.,h); 

■ •f.W.v; •;,,« ft.,,', 4,, 

riliii. thf vwxft; , 



81^5 ’If!' hiv'v -tf SwiIJiaB 


MBSaati 



J. F. DASTUR 


131 


with the iiiyceliiiiii as in the vascular wilts, and this explains why a healthy 
leaf or pod is sometimes found attached to a stem completely ringed by the 
white diseased bark. 

(5) The fruit. In the walls of the fruit the fungus overruns the soft 
tissues, destroying the cells. In the early stage of attack the cells are filled 
with a brown or yellow gummy substance which is not found at a later stage ; 
the fungus also acts on the chromoplasts. The different colours of the diseased 
parts of the fruit are due to the quantity of the gummy substance present in the 
infected cells and to the extent to which the chromoplasts are altered. In the 
cells, a layer or tAVo beloAV the epidermis, the hyphae commence to aggregate 
together, forming a loose mass of pseiido-parenchymatous cells, sub-hyaline 
or slightly brownish in colour. In the epidermal cells themselves a compact 
dark brown stroma of pseudo-parenchyma is laid doAvn. Under the press\ire of 
the groAAdh of this stroma the cuticle is ruptured and lifted off the epidermal 
cells. The cuticle is not simply pushed up and ruptured by the fungus but is 
also partially eaten aAvay (Plate I, fig. 9). On the surface of the broAAm stroma, 
noAv exposed to the air, a further development of lighter coloured fungus 
tissue, compo ed of elongated and narroAA^ cells in almost parallel ioaa’S, occurs. 
The stroma of the aeervulii is thus partly below the epidermis and partly 
above it (Plate I, fig, 4). The surface cells of the stroma become basidia 
(Plate I. fig. 6). The latter are hyaline, long and narroA?. The conidia are 


hyaline, falcate, Avith an oil globule in the centre (Plate I, figs. 6 — 7). Seta? 
also arise from the pseudo-parenchymatous cells toAA^ards the surface of the 
stroma. They are abundant, simple, stifi, erect, septate and dark broAAii 
(fuliginous) in colour except at the tip which is lightly coloured. They 
occasionally bear conidia \Ahich are similar to those borne on the basidia 
(Plate I, fig. 5). 

On the inside of the skin acervuli are not formed, but there are instead 
small round black or dark brown raised solid bodies composed of pseudo- 
parenchymatous cells formed by the conglomeration of hyphee. These 
sclerotia-like bodies are also found on the thalamus. 

(c) The seed. The inner Avails of the normal cells of the seed coat are 
enormously thickened and finely striated. The outer wall is also thickened 
but very little in comparison AAdth the other AA^alls. This outer wall is com- 
posed of cellulose, AA’^hilethe insidewalls contain both cellulose and lignin.’®* 

* W lien treated with, an acid solution of phloroglucin the inner walls of the seed coat 
slio w distinctly tAVo layers. The centre of the thickened walls takes a red colour which 
shoAVsthe presence of lignin, Avhile the rest of the thickened walls becomes light yellow 
in colour ; but with Schulze’s solution these parts stain blue, being composed of celiulose, 
and the centre stains yellow. 
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The fungus hviihie enter the seed coat direct !v t Iirongh 1 1,,- out eelhilose 
wall. The hypha., without necessarily formiiiji an appressorimii. hores it's 
way through the upper wall and enters the cell cit\'iu- li'laie 1] f:„ h r' 
lylly ,1m l,»s I,,,.,, vw'v „n,.„ ,„i„y 

destroyed. The hypha now crosses the cell r,.,\iiva,H! reaches the 
thickened inner walls. Here it swells at the poini of cruiiaei. atul^j-oin 
thi,s swelling an e.vceedingly fine proce.s.s is put forth uhieh hoivs its wav 
through, delignifying the wall (Plate IL fig. 5 . .is the rc,su!t of .lelianifica- 
tton cellulose is left. That this happens is clearly seen i.v the action of 
Scdmlzels .solution; the tunnels in the thickened walls formed bv the hvph.T 
take a blue colour with thiis reagent. ' ‘ ^ 

Thus, unlike the hypha- of Macmjjoiuim ( 'ke.. ^ winch infect the 

tomato seed through the micropyle, the hypha- of VcfMnia Carmci 

S.yd. enter the perisperm and endosperm direct K- through the seed 
coat. 

In the infected eliilli seed there is no formation olm i lii.-k n.-ft of eomiiact 
mycelmm between the seed coat and the endo.si»mn. as fotmd l)y .Mis,s Massee 
m the case of the hybernat ing mycelium of Macros iminn. S„l,nn. C'ke in 

tomatoseed.s. Evett in advanced casc-.s of attack t he testa of t he chilli seed is 
m contact with the inner tis.sues except where strmnatic bodi.-s are formed 

at thisic " ^rT ^t lifted up 

celhi^tr tn h r 'r tlnekno.ss. i.iter- and intra- 

lai and hyaline, but they turn brown w hen they collect in masses to 

form stromatic bodies. These bodies are composed of small pseudl- 

thT^ntn^' “d of 

pustules embed r'l T 

piistuieb embedded iii tire imrer tissues. 

An infected >seed in which the embryo is not attacked will germinate • 
but conditions suitable for the germination of the seed are also favourable fo; 
m . doimant stromatic bodies within the .seed and on tlm see<l coat to re, sumo 

1.'^' J i at 

■c . ■ a yeai Therefore there is t he danger of the embrvo gettiiuf disoasi-d at 

tZ WPart of it is’ within the seed coat. 

of the r' ^ «ie outside 

4h ther''Tt Tl- ti‘^V-nniuating embryo in contact 

■ . place w-hen the cotyh-(ions are still completely 
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-EXPLANATION OP PLATJffi il. 

yermieuUttia Capsici Byd. 

Rg., L A ^ypha penetrating the cuticular layer o{ the epidermis of a fcuit 
; ; r ft a fine lateral projection x 624. 

” , an , appiessorium penetrating the cuticular layer 

crack b the epidermis X 624. 

Jn, lSjAi the ‘seed ooat ^ 57^’ ' ' ■ ' ' ■' 
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enclosed within the seed coat, the germinating embryo is Idlled almost at once, 
but if it spreads when only a part of the cotyledons are within the seed coat, the 
seedling may escape total destruction from the disease and may grow into a 
healthy plant, especially if the weather is dry enough to check the further 

progress of the disease. 

Cultures of the parasite. 

Shear and WoocU have found sterilized corn meal and’ corn-meal agar 
to be sa,tisfactory media for growing the ascigerous stages of some fungi 
causing authracnoses. Kriiger^ succeeded in getting the perfect stage 
of Glceosporiiim musarum on potato stems completely or partly sterilized . 

Vermiculam been cultivated many times on these media 

and on several others, but the perithecial stage has not as yet been obtained. 

In agar media the early growth of the fungus is slightly mrial, white and 
• floccose. As it grows it forms a thick leathery mat of interlacing hyaline 
hyphm on the surface of the medium. In four or five days after inoculation 
black raised bodies like pin-heads are visible. These are either the acervuli or 
sclerotia of the fungus. A band of black or brown stromatic tissue is formed 
where the agar slant touches the glass slides. As the culture grows old, stro- 
matic plates are laid down, closely in contact with the surface of the medium. 

The terial hypha^ are uniform in thickness and do not bear conidia like 
those of Glwosporium piper atum. The matted liyphse on the surface of the 
medium and the hyphaB in its substance vary a great deal in breadth. Some 
are extremely fine, while others are very broad. The cytoplasm of the broad 
by phm, especially of those within the medium, is Mghl}^ vacuolate. As the 
culture grows old, large hyaline vesicles appear as offshoots of the mycelium or 
short branches of the mycelium become very much enlarged at the tips. 
Daughter hyphae occasionally arise through the septa from within the 
parent hypha. All hyplim are hyaline except those that form acervuli, sclerotia 
and stromatic masses. 

The acervuli in culture media appear as round black bristly heads. They 
are identical with those found on the host itself. 

Acervuli, especially when old, are sometimes roofed 
over by a network of brown-coloured hyph-ae formed by the profuse branching 
of some of the seta^ and the marginal cells of the acervuliis. 

^ Shear, G. L., and Wood, A. K. Studies of Fungous Parasites beionging to the 
Genus Ulomerella. 11. 8. De2:>f. Agri. Bitr. Pl. Ind. Biill. A'o. 252, p. 15, 1913- 

“ Kriiger, P. Beitrage ziir Kenntnis ciniger Glceosporien, I and II. Arh, Kais, Biol. 
Athst. /. Land-und Forstwirischrffl, iX, Bt. 2, p. 211, 
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Sderotm, These bodies are formed iii two way ; (i) llyjdia* collect 
togetlier and form a solid black ball. Oh sectiouiiig, this is fouml to be composed 
more or less uuiformly of bro\\ii psexido-pareiieJi^ (‘idls, {.>ut in some 

eases there is a slight diii'ereiitiatiou into cortex and incdttlla. ; ilii^ centra! cells 
are large and thiu-walled aaid the periplieral cells !:iav<* a smaller liimeuaud are 
thick- walled and deeplt' coloured. (2) At times what is juvteiitially an 
acervuliis is transformed into a scleroTiiinn As in rlu* ease of a normal 
acerviilus, a !mse of browii'-coioured pseiido-pareiieliytiut is laid down. From 
this arise dark coloured sette and parallel rows of liglit coloured tliin and 
septate hyplim which in the course of normal develo|)]i:ient would ha ve borne 
basidia and spores ; interspersed with these fine liypli.‘e asv found broad ones 
from wliicli barrel* shaped cellsare cut off. By the rcpcait*(l briiuching of setce 
and liyplue and by formation of lateral oiirgrovvtlis, a .><‘leriuium is thus formed 
in place of an acervuliis (Plate II. fig. 7). Scleroria often havi* stuavlike those 
of V. mrians Due. on potato. 

Sfmmuiie mmsei^. In old cultures on agar luedia st remar ic plat<‘.s are 
laid down closely a|)pressed to tin* surface of the medium. Tliest* ]*lates are 
com]K)sed of brown septate liypiue, Tliey seem to he filled with some reserve 
material. When hyplue fj’om the agar me<iiuiu conie in eontacu with the 
sides of the tube they bear a]>pressoiia whicli luu into chains (Plate II, fig. 8). 
These chains unite into small triangular black oj‘ brewu stromatic masses 
which creep up the skies of the tube and form a band round the margin of 
the medium. 

On sterilized stems oi Vajmeum sp. and potato very little terial growth is 
formed. Sclerotia and acervuli are produced in abundance. 

When the acervuliis becomes old and dry it is covered by a mucilaginous 
bard coat which keeps the enclosed mas of spores viable fur several montlis ; 
but the conidia are very short lived if they get separated fi'ooi the mass. 
Spores germinate in ordinary water by giving out geisii-tubes friim near their 
ends. Wheirthe germ-tube has grown a Ksliort distaucii iln‘re is formed at its 
end an appressorium. in some cases the germinating spore divides b\^ a 
septum at the rniddle and may become eoiistricted at this point (Jfiate i, fig. 8). 
The germ-tubes do not anastomose as those of (Uaosporinm piperatiim 
E. k E. They do not form secondary conidia on tlieir tijjs or on lateral 
branches. 

Sclerotia and stromatic masses may resume growtii iixunediately under 
favourable conditions, but they are capable of retaining their vitality 
for several months. They “ germinateW by giving out hyaline hyphie from 
their cells, 
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Inoculation experiments. 

All the iiioe Illations were done with cultures originally started from a 
single spore. 

Chillies. Seedlings grown in sterilized tubes containing moist cotton 
plugs from seeds removed aseptically from healthy chilli pods were inoculated 
either with spores or with hyphse. The efiect of the inoculations was noticed 
in three or four days by the moculated parts turning brown. The infection 
spread rapidly and killed the seedlings in a couple of days ; Vermicularia 
acervuli were produced in abundance. The success of the inoculations and the 
spread of the infection depended upon the amount of moisture present in the 
tubes. If there was not sulScient moisture when the seedlings were 
inoculated, the inoculations did not take. If after the infections had started, 
the amount of moisture was reduced below a certain limit, the spread of the 
disease was checked. 

Growing points and flowers of plants raised in pots w^ere inoculated 
and kept under bell jars in the laboratory. The inoculations in some 
eases failed, and in others where the infection had started it did not make 
oiuch progress ; but if the inoculated plants were kept in a moist atmosphere 
by covering the inside of the bell jars with moist blotting paper, the 
i noculations invariably succeeded and the infection spread rapidly, killing 
back the plant. The first signs of successful infection are the turning brown 
and rotting of the inoculated growing point or flower. As the infection 
spreads, the plant gradually dies back. Inoculations done on unwounded 
woody parts of the stern were unsuccessful ; wounded parts could be inoculated 
but not as readily and rapidly as the growing points and flowers. 

Mature pods were readily infected but not the green fruits. 

Microtomio sections of inoculated pods show that the hyphae enter the 
skin directly or through natural cracks in the thick cuticle (Plate 11, figs. 1 and 
2) in the former case the hyphae form an appressorium before entering the 
anbroken cuticle, unlike those attacking the seed coat ; a very fine process 
wnicli penetrates the cuticle is produced from this appressorium. As long as 
the hy pha is in the cuticle it remains exceedingly fine (Plate II, figs, 2 and 3) ; 
but it swells up to its normal size when it enters an epidermal cell 
(Plate II, tig. 2). It sometimes gets branched when within the cuticle. 

Seeds of chillies have also been successfully inoculated. In the early 
stage of infection the seeds became rusty brown. Acervuli and sclerotia 
were formed on the seed coat and in the inner tissues as well under moist 
, 'conditions, . 
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brougilt under cultivation only the previous year. Nevertheless, the disease 
appeared in both the plots by the middle of October, when the plants had 
coniBienced to set fruit, and was equally severe. 

Treating infected seeds with different strengths of copper sulphate solution 
and of formalin before sowing was also tried, but naturally the rate of germina- 
tion was not higher as the fungus has been found to hibernate within the seed. 

During the chilli season of 1917 18 eight ^-acre plots were laid under 
chillies to try remedial measures that had suggested themselves in the 
light of experience gained in previous years. 

The writer wishes to make his acknowledgments to Mr, G. S. Henderson, 
Imperial Agriculturist, for the assistance he has given in canwing out these 
experiments. Acknowledgments are also due to Md. Taslim, Field man to 
the Imperial Mycologist, for the care he has taken in looking after these 
experiments. 

The |)lan of the experiments is shown in the following diagram 
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On all the plots except on Nos. 1 and 5, local varieties were grown ; plots 
1 and 5 were under Bombay and Peshatvar varieties respectively. Seeds for 
plots 1 to 7 were sown in seed beds in the end of June, and the seedlings were 
transplanted a month later. Seedlings for No. 8 were transplanted in the 
end of August, the seeds having been sown a month previous. The first four 
pickings of ripe fruits from plots 2, 3, 4, 6 and 7 were made on the 30th of 
October, the 12th of November, the 24th of November and 8th of December. 
Fruits from plot No. Severe first picked on the 20th of December. 

The yields were low as compared with those normall}^ obtained. This was 
largely due to over-spacing, the plants being sown 24" X 24" apart as against the 
usual 18" X 12." The soil was 'also poorer than that ordinarily used for 
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the chilli crop, and the young plants were aTtacked by w)iii<-aut>. Tlie taop 
was put to a severe test ou account of the uul'a vuuiiiblc wciU ii.-r. From the 
middle of September to the lirst week of Oi-tol.cr. when the plauKhad 
commenced to flower, and eousequently were in tlu* -lane when iliyv are mo.st 
readily inlected, tlie days were cloudy and thiM'e wa-'' inoi'c or less rain almost 
every day. The relative humidity was Therefore s’ery hiph- bet wceu 8oaud !fU 
per cent. Those were the conditions highly ta\ tiui';ii.ile for cam inu an cpitlcmic. 
and there was one, judging from the amoimt. of disease in i he control jilotsand 
in the i}ots fields. Another factor which tried the ellicaeucy of the control 
measuius was the presence of a second disease, hitherto unobsein-ed on this 
crop ; this teas due to CVmrf/mp/m/w Cumrbiluaoh (B. y Bav.) Tbaxt.' which 

caused much damage, It started from the flower or lea f-1 m. 1 urn ! led to a wet rot 

of tlie shoot. 

In spit^e 0.1. lliese aclvei-se eireuiiistaueos, 01.10 t„)f‘ r,lie 1*1:11 oieasiii'eSs viz,, 
spraying, gave satisfactory resulrs. 

^ To jii(,lge t-Jio effects i.,)f 8p:ra}-iug and ]na!iuri,iig on tilie flisease mi fruits we 
need oul) consider the results of the first i'our |»ieldngs (hme up to tiie 8th of 

December, because after this date the perceutagr^ of iliseased fruits was 
found to be negligible. 
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Plot Nos. 1 and 5. As the disease is very common on varieties 

of chUlies groxTO locally, seeds from Bombay and Peshawar, where this disease has 
not as yet been reported from, were tried in order to see if plants raised from 
them were disease resistant. Unfortunately these varieties did not do well 
here ; the growth of the plairts was stunted and the yield of fruits negligible ; 
the Bombay variety suffered badly from leaf -curl as well. 

Plot i\ o. 2. In fields lined by a row of trees those plants that grow within 
the shadow-limits of those trees have been found to be healthy, while those 
planted outside the shadow-limit get badly attacked by die'-baok. Small 
wayside chilli plots surroimded by huts or by big trees have been observed to be 
free from the disease when other plots a little further away but in the open 
become infected. 

The rensoii why plains growing under shade remain healthy while those in 
the open are affected is, that moisture plays a very important factor in the 
development and spread of the disease. In October and November night 
dews and giound fogs are heavy and the plants consequently become dripping 
w^et in the night and remain so for some time after sunrise ; this high hiiiiiidity 
is favourable for the spread of the disease. But under shade tliei*e is very little 
niibt 01 dew -idll, and consequently here the atmosphere is comparatively dry, 
dry enough to check the spread of the disease. 

Inoculation experiments under laboratory conditions have shown that a 
great deal of moisture is required for the inoculations to succeed and for the 
infection to spread further. If a successfully inoculated plant or fruit is 
removed to dry surroundings the infection does not progress. Thus laboratory 
study has confirmed field observations. 

As a result of these observations another line of control suggested itself. 
It seemed probable that if chillies ^vere grown as a mixed crop ■with maize or 
some such other economic crop, which grows rapidly and gives a good shade, 
the chilli crop w ould perhaps remain healthy or wmuld be very little affected. 

For this reason the local varieties of chillies W'Cre grown mixed with maize. 
Drills of maize w'ere laid down after every three row^s of chillies. Maize was 
sowm in drills in the end of July when the chilli seeds were sown in seed beds. 
The selection of maize as a mixed crop w^as unfortunate ; it flow^ered and 
cobbed in September and in the beginning of October it began to turn brown ; 
again in the first wnek of this month it was blown over in the high winds and 
damaged the chilli plants. It w^as consequently uprooted two or three weeks 
later. 

The chilli plants wnre rather smaller in size, flow-ered later and gave 
comparatively smaller yield of fruits than those of the control plots. They 
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also showed a greater amount of leaf curl ■ IlbweYer tlie eifeGt of sluice as far 
as tlie disease on the chilli stems w’as concerned was vei^y inarked. They 
siifiered the least from die-back. That shade fUM\s clu'ck die-back is also 
videiit from the following observatLon. It so !]a])])eried That the Tiireeend 
lines of chillies had no drill of maize to their soutli and so they remamed 
unshaded. The result was that this set of three lines was more badly attacked 
than the rest.. It had 32 plants suffering from die-back ; the neigliboiiring set of 
three ro\Ys had II diseased plants, while in the remaining 9 sets the number of 
died-back plants varied from 6 to 9 each set. It was in the unshaded ro’ws 
li^tthe disease first appeared. 
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Whether shade has any effect on the total yield and on the percentage of 
diseased fruits cannot be judged from this expeiimem because, as already 
stated, maize plants tvere blown over by higli winds in t lie beginning of October 
and tliey w^ere uprooted three w^eeks later, as instead of doing iuxy further good 
they wx>re damaging the chilli plants uiulerneatli them. iMiiis at tlie time 
wdien tlie fruits generally get attacked they r<murinc<l iiiisliaded. The 
peicentage of diseased fruits in each of t he first fmir ])i(*kiiigs w\as (>8*5, 22*0, 
44*0 and 7'7, almost the same as that for the coiu roi ]>l(tts. 

Plot Sos. and G. These were control plots. Of all tlie plots, plot No. 3 
wp.s most severely attacked by Vhoanephora and die-bo, ck ; the natural result 
was that the 3 ield of fruits was greatly reduced ; the attack was first observed on 
the 5th of October. Plot No. 6 was found attacked three days latex. It w as 
a little more diseased than the sjxrayedpiot No. 7, but much less than No. 3. 
Still how'ever the percentage of diseased fruits in both these contiol plots was 
almost the same, and much higher than that in the sprayed plot. The 
percentage of diseased fruits from each of the first four pickings from plot No. 3 
was 78*5, 30 0, 33*0 and 12*8, and from No. G wus 72*8, 33*3,. 37*0 and 16*G. 

Plot Nos.-ixvnd 8. From experiments made in previous years it had 
been found that chillies sown a month later than usual suffer very little from 
die-back, but the yield of fruits wus greatly reduced. To see if manuring could 
remedy tins def(‘ct, plot No. 8 tvas manured at the rate of 2 cwt. of su])erphoS“ 
pliate and i cw^t. of nitrate of soda per acre. Seeds for tin’s plot w'ere sown in 
seed beds in tlie end of August, and the seedlings were tramplanted a month 
later. Plot No. 4, which was manured at the same rate, served as a check, 
the sowing time being normal. 

Asa result of manuring the growffh of the plants in plot No. 4 was more 
vigorous than those in the other plots. Die-back on this plot was observed 
first on the 8th of October; and it was rather severe, but wus not very much 
more than on plot No. G and decidedly less than that on No. 3. The total 
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yield of fruits was much heavier than in any of the other plots, and the percen- 
tage of diseased fruits was less than that from the control plots, but more 
than that from the sprayed plot. The percentage for each of the first four 


pickings being 25'0, 17'5, ‘25’4 and 17’3. 


On plot Xo. 8 the disease was first observed on the 26th of October. 
Altogether only 45 plants were found infected by the end of November. This 
showed once again that a late somr crop easily escaped damage caused by die- 
back. The fruits were not ready for picking before the third week of December, 
and therefore naturally the percentage of diseased fruits was negligible. 

Plot No. 7. The disease on this plot was fii’st observed on the 10th of October, 
but the first application of one per cent. Burgundy mixture, at the rate of 
125 gallons per acre, was given on the 29th of September as on the 27th one 
plant in plot No. 2 was fomid diseased. The mixture happened to be very 
alkaline, and consequently the tender tips of the flowermg shoots got rather 
badly burnt. The next application nas given on the 17th when the fruits had 
set. It had no bad effect on the plants as the mixture was made very slightly 
alkaline. The sprayed plants had decidedly less of die-back than the 
plots 3, 4 and 6, and yielded more healthy finits. The percentage of diseased 
fruits for each of the fii'st four pickings was 11‘6, 7'5, lO'O and 7'5. The total 
yield of fresh fruits from these pickmgs was less than that of the control plot 
No. 6, but the yield of healthy fruits was higher. Not only did the freshly 
picked fruits from the sprayed plot compare favourably in regard to the 
.percentage of disease than those from the unsprayed plots, but they also stood 
drying better. Healthy fruits picked from the sprayed plot remained healthy on 



dining, and the sldn of the dried fruits was bright ruby red. But fruits from 


unsprayed plots that were healthy when picked developed diseased spots on 
drying. It has been found that GlcEosporkm on plantains* and on other 
fruits aixd leaves- is capable of l 3 ing dormant till there are suitable circum- 
stances for developing its activities ; similarly Vermimlaria may lie dormant on 
the pods and resume its gronth hr the moist and warm conditions of the dining 
heap ; of course, the attack of the disease on the drying pods is not very severe, 
but the spotted and discoloured skin of the dry fruits is boimd to lessen the 
market value. 

The reason why only two sprayings were given is that before the third could 
be applied there was a sudden fall of temperature and of the humidity percentage 


’ Bast J. Fv Spray Ripe Rot of the .Plantain Fruit. Jour. India, 

'XI, 1916, p. 145. 

2 C. L., & Wood,^.^ Studies of Fiingu« parasites belonging to the Genus 

GhmrrdUu U. iS. Dept, of Ayri. Bur. of PU Ind. Bull. No, 252, 1913, p. 95. 
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ill the begiiiixing of November and the disease wa>s eon.seqReinl y checked. The 
disease did not progress further down the infected ]mrt of tlie plants, and no 
fresh infections on the plants were observed after the colfi weatlier. That 
the disease was checked is also evident from the fact that in the first picking the 
percentage of diseased pods in the plots 3, 4 and 6 was 78- o, 25'0 and 72*8 
respectively, while in the second picking the percentage fell to 30*0, 17*5 and 33-3 
for the respective plots. It tvas further found that hett(n.* ]*esiilts are obtained 
if the diseased parts of the plants are thoroughly jmined oif lief ore spraying, as 
the fungicide is applied only as a preventive measure and not as a curative. 
The fungus hypliJB once iixside the tissues are little harnied by the application 
of any spray ; therefore the spread of the fungus fi'om within the diseased 
tissues to the neighbouring healthy parts and the ultimate death of tlie plant 
cannot be prevented ; the spray only cheeks lunv infectious from outside. 
However, it is doubtful if the pruning of diseased shoots is praetica lile on a field 
scale. 

From the above experiments the following deductions can lie drawn 

L That tlie disease appears after the end of the ruins -in tlie first and 

second week of October ; that it attacks plants only at a rlcfurite stage in their 
growth, i.c., when the flowers have set, and tluit it <ii.suppi^a.rs as soon as the 
cold weather commences in the beginning of November : the disease on the. 
plant is, therefore, of a veiy short duration. Fruits that iiiature before the 
beginning of December are much damaged by the disease, but the percentage of 
infection on fruits that ripen later is negligible. These observations are 
completely in accord with those made in the ryots' fields. It seems, therefore 
probable that if a late maturing variety could be successfully grown in Bihar 
it would escape the disease. 

2. That Bombay and Peshawar varieties do not grow well in Bihar, 

3. That shaded plants suffer less from die-baek and Choanephorci' than 
unshaded ; no conclusions can be drawn regarding the effect of shade on the 
yield of fruits and percentage of disease. 

4. That the application of 2 cwt. superphosphate + 1 cwt. nitrate of 
soda per acre not only increases the total yield of fruits, but also reduces 
the percentage of diseased fruits. It is doubtful if the use of artificial 
manures is possible on account of the present inflated prices of these 
fertilizers. 

5. That two applications of one per cent. Burgundy mixture are enough 
to control the disease, both on the plants and on the fruits. It is possible 
that only one application, if given at the right time, may be equally 
efi&cacious. 
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6. lliat healthy fruits from the sprayed plants remain unspotted on 
dryings while those from the unsprayed plants develop the disease. 

7. That perhaps better results may be got by a combination of 
application of manure and sp>raying with Burgundy mixture. 

8. That the late sown crop suffers little from die-back and Ohoanephow. 

1 hese expeiiments with a few additions and alterations were repeated in 

1918, 1919 and 1920, in order to confirm the results obtained in 1917, but this 
object was not attained because *in these years there was no incidence of 
this disease, not only at Pusa, but also in the chilli-growing tracts north of the 
Ganges. It has already been pointed out that high humidity is correlated with 
the incidence of the disease. These three years, 1918, 1919 and 1920, were 
comparatively drier and warmer than the previous three years, at the time 
when the plants are susceptible to infection. Judging from the observations of 
the last six years it seems that this disease in Bihar becomes virulent when 
the humidity percentage in the second half of September (when the plants 
begin to flower) is on an average above 85. 

Summary. 

The die-back disease of chillies in Bihar, caused by Capsid 

Syd., is described. 

The disease first appears in the end of September or in the first half of 
October when the plants have commenced to flower. 

Plants grovung in the shade of trees escape the infection. 

The late sown crop is also free from this disease. 

The infection as a rule commences from the growing point or the flowTr- 
bud. The stem dies back as the infection spreads downwards. 

The attack on the stem is checked with the first onseh of the cold 
weather. 

' Infected fruits become spotted when they are ripe, but fruits 
that mature after the beginning of December are generally free from 
disease. 

Seeds of diseased fruits may become infected. The hyphse are found not 
only on the seed coats but also in the inner tissues. 

The germination of the infected seed and the development of the seedling 
depend on the extent of the diseased condition of the seed. 

Cultural characters of the fungus are described. 

Inoculation experiments show" that the plants take the infection only wlicn 
the hiiniiclity is very high. If it is reduced below" a certain limit progress of 
the infection is checked. 
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Fiom fiekl observations of the last six years it appears that tliis disease 
attains great virulence when the humidity percamtage is on an iiverage iibove 85 
in the latter half of September. 

Control measures tried in 1917 .sliow that Burgundy mixture is useful in 
checking the disease. 
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In 1913 atteutiou was called by the Imperial Institute to the fact that 
whilst Indian barley proved to be quite satisfactory generally for malting 
purposes in the United ELingdom yet other shipments contained a large 
percentage of grains that would not germinate, sometimes amounting to 10 to 
20 per cent.’’ The matter was referred to the Department of Agriculture, 
United Provinces, by the Imperial Institute, and Mr. Wilson, who was then 
Assistant Economic Botanist, United Provinces, was instructed to carry out 
an investigation into the matter. Mr. Wilson had collected much information 
as to methods of storage, and a large number of germination experiments 
were performed by him when he was transferred to another jii’ovince. 
The information and figures collected by Mr. Wilson later passed into 
my hands. The investigation was again started by me de novo^ but I wish 
to acloaowledge that the data collected by Mr. Wilson were of considerable 
assistance to me in my work. The following observations are the result 
of this w^ork u|)on the germination of barley carried on through the two 
seasons 1919 and 1920. 

The Imperial Institute reported that it had been noticed that the early 
shipments of barley generally germinated well and that it was usually the 
later shipments which exliibited defect. 
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i46' GEBMiNATION OF INDIAN BARLEIT . 

The qumtity of MiaE barley exported duriag the six years 1913-19 is 
shown in the following table 

Table L* 


Quantity and mlue of barky exported during six years with the share, of the 

different ports. 


Ports 

1913-14 

1914-15 ; 

191W.,6 

1916-17 j 

1917-18 

1918-19 


Tons 

Tons 

Tons 

Tons 1 

Tons i 

Tons 

Karachi 

127,622 

28,865 

159,533 

172,034 

347,747 ' 

: 215,305 

Calcutta 

54,240 

54 

74 i 

1,478 

' 97 

i 43 

Bombay 

8,519 1 

394 

6,147 

35,929 i 

10,787 

1 10,999 

Rangoon 

10 

4 i 

3 i 

5 

91 

i 4 

( Quantity 
Total i 

190,400 

29,317 ; 

165,757 

209,19) 

358,722 

! 226,351 

1 Value £ 

1,043,799 

174,548 

.1,168,003 : 

1,509,615 

j 2,(193,512 

1,845,111 


* Tiiis sUtement is taken from the Handlx)ok of Gooimercial Infoniiatiori for India,” by 
C. W. E, Cotti>n, 1919, 


Export figures obtained from the Director of Statistics with the Govern- 
ment of India showed the exports of barley by sea to foreign countries month 
by month for the year 1913-14 to be as under : — 


Table IL 


Quantity of barley exported by sea from each maritime promnce of British 
India to foreign countries in each month of the official year 1913-14. 


Months 

Bengal 

Bombay 

1913 

Cwt. 

Cwt. 

April 

12,864 

18,885 

May 

101,758 

4,176 

June 

276,564 

12,782 

July 

^1,569 

46,167 

August : 

228,761 

40,293 

September 

125,265 

28,009 

October 

44,153 

14,134 

November 

85,851 

2,644 

December 

8,034 

1,456 

1914 



January 

30 

1,438 

February 

108 

82 

March 

40 

318 

Total 

1,084,997 

170,384 


Sind 

Madras | 

Burma 

Total 

Cwt. 1 

Cwt. 

Cwt. 

Cwt, 

9,682 


54 

41,485 

236,862 


12 

342,808 

199,919 


30 

489,295 

819,373 



1,067,109 

526,415 



795,469 

309,454 



462,728 

197,432 1 



255,719 

146,055 



234,550 

17,599 1 



27,089 

60,254 


34 

61,756 

3,444 


10 

3,644 

25,946 


60 

26,354 

2,652,436 


190 

3,808,006 




Total 


190 


3,808,006 


' W. YOtTNaMAl^ ■■ ,147 ' 

Tiie year 1913-14 is pertaps tte fairest average year to take for iadication 
as to tlie movement of tke grain for two reasons— it represents a year 
uninfluenced by war, and we may assume that the barley was more likely to 
be wanted for malting purposes then than in later years when there were 
restrictions as to brewing and greater demand for barley for both human and 
cattle food. For the latter purpose be the germination bad or good it is 
immaterial. 

•The statistics show plainly that much the greatest amount is exported 
in the month of July. Indeed in this month alone normally some one- 
third of the £otal yearly export leaves our Indian ports. This is no 
doubt the climax of an attempt on the part of the exporter to avoid the 
monsoon. 

Practically the whole of the exports go to the United Kingdom. 
Pariucular attention may be called to the large amount that is moved toward 
Calcutta (Bengal, in Table II) for export in the months of June, July, August, 
and September. As we shall show later, the region of Bengal and the Bay of 
Bengal during these months is a danger zone for barley. Barley subjected 
for some 3-4 weeks to the conditions prevailing in this region is bound to 
have its germination percentage considerably reduced. 

The explanation of the poor germination suggested by the Referees on 
cereals to the Imperial Institute ' was that it seemed possible that the injury 
to the barley happened to that which failed to get railed and shipped before 
the monsoon set in a d consequently was stored in the cultivators’ pits and 
hutsj the serious effect being due to the humidity and warmth of the rainy 
season followed by a subsequent drying before the barley reached England. 
It was thought that the grain situated close to the wall of the pit suffered 
whilst that in the centre escaped. Subsequent experiment, as we shall show, 
demonstrates the effect to be due to the humidity, but there are other points 
of interest not suspected previously. The 10-20 per cent, that fails to 
germinate though is probably not due to its being the amount that is situated 
on the outside of the store. Observation makes us think that it is very doubtful 
whether any portion of the exported barley has ever been stored in any 
efficient way in the grain dealer’s storehouse. The methods usually employed 
afford little or no protection from atmospheric conditions. The cultivator 
as a rule stores only the grain required for food and seed purposes and sells 
off his surplus stock at harvest time. 

The small quantities of grain retained by the cultivators for seed and 
domestic use are usually stored in mud urns. In North-East India the 
cultivator’s seed rate for barley as for many other crops is known to be high. 



aERMINATlOH OF IKBIAK' BABBEY 



Tie reason is obvious. The whole subject of the germinating value, of the 
■seed usually sown by cultivators for their crops .is worth further study. 

. A sample of barley was taken in June befo,re the,, rains set ,i!i, and from 
this a number of small cotton bags were lightly filled with some IjOOO kernels 
each. Some of these bags were stored in a closed large dessicator, beneath the 
perforated zinc floor of which was about a pound of anhydrous calcium 
chloride. By this means the influence of the weather was removed and the seed 
kept until its regular germinating season. These bags of grain simply served 
as a control They were used during barley-sowing season when a check 
experiment was deemed necessary. The geriniiiation of our barley was found 
to be uniformly high, samples from this dessicator often showing 99 per cent, 
and never below 96 percent, germination. Others of these bags of grain 
were exposed for various intervals of time to atmospheres containing 
different amounts of water vapour. At the teimiinatiou of these exposures 
the bags were transferred to a second large tlessieator eoiitaining calcium 
chloride and remained there until barley-sowing season in November. 
At this season the germination of the barley subjected to various degrees 
of moist atmosphere for various durations of time was tested in eiich case. 

The experiniental method was as follows. In order to obtain atmospheres 
containing different amounts of moisture a ntimber of small dessicators of 
approximately uniform size were taken. Into successive dessicators were put 
200 c.c. of successively stronger solutions of .sulphuric acid. (The sulphuric 
acid used was an ordinary commercial sample. The same samjfle of acid was 
used throughout the experiment. Its exact degree of strength and purity 
was unimportant as the technique of the experiment will show.) A start was 
made with pure water in small dessicator No. 1, and 2 per cent, sulphuric acid 
in No. 2, 4 per cent, in No. 3 and so on ; there being an increment of 2 per 
cent, acid in the solution in each succeeding dessicator. Upon the perforated 
floors of the dessicators, over the acid, the small bags of barley were placed. 
The glass top of the dessicator was then hermetically sealed by means of a 
lute of resin cerate. After an interval of one week one bag was removed from 
each small dessicator. These bags were marked so as to show the strength of 
acid and duration to which they had been exposed. They were then transferred 
to a large storage dessicator in the bottom of which was a quantity of 
anhydrous calcium chloride. From this dessicator the bags were taken out as 
fast as they could be dealt with and the germination of the grains in the 
various bags tested. After a further interval of a week a second bag of barley 
was reinoved from each small dessicator, labelled, and transferred to the large 
dessicator to await its turn for a germination experiment of its contents. 
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This removal of bags from the small dessicators contimied at weekly 
intervals. The germination tests were carried out as follows. The method 
is the one recommended by Schonfeld in WoGhensch Brau, 1902, 19 , 768. 
A wooden stand containing a line of small glass funnels was fitted up. In the 
apex of each funnel a small plug of glass wool was placed. A short length of 
india-rubber tubing provided with a pinch cock was attached to the stem of 
each funnel. The barley was placed on the glass wool and then flooded 
with water for about five hours. The water was then run off by opening 
the pinch cock and the barley left alone for some 18-19 hours. At the end 
of this time the barley was again flooded for a second period of five hours. 
Two floodings were sufficient to start germination, and, with but few 
exceptions, all those grains that would germinate did so by the third day, 
very few lingered until the fourth, on which day the germinated grains 
were counted. The funnels were kept covered during the experiment 
with clock glasses. Observations of the maximum and minimum temperatures 
of the laboratory were made daily. The percentages of germinating grains 
are given in the table below. A set of estimations of the amounts of water 
vapour contained in samples of air exposed to solutions of sulphuric acid 
of the strengths used was then made. This was carried out in the 
following manner ; — 

A series of four small wash bottles was fitted up and into each was put 
a quantity of sulphuric acid of the percentage under consideration. The 
intake tube of one bottle was connected with the exit tube of the bottle 
before it, and the intake tube dipped beneath the surface of the acid in its 
bottle. ’ Air was drawn slowly through this series of four bottles containing 
the sulphuric acid. Connected to the fourth bottle was a U tube containing 
calcium chloride. This calcium chloride tube was in its turn connected to a 
second one, and this again to a third calcium chloride tube which was 
followed by an empty U tube. Through all these tubes and bottles a measured 
quantity of air was drawn by means of an aspirator of 20,000 c.c. capacity. 
The air was drawn over very slowly, the whole 20,000 c.c. taking some five 
hours. The twm calcium chloride tubes next the bottles containing the acid 
were weighed before and after the experiment. The third calcium chloride 
I and the empty U tube also were simply to catch any water vapour passing 

, back from the aspirator ; they were not weighed. By this means we were able 

to estimate the number of grams of water vapour per litre contained in 
air over each particular percentage sample of sulphuric acid used. The 
following table gives the results : — 




GlBMIKlItOH OF 'miHAS BAUlEt 







&5(aaM, j| 


B^aaAi 0 


karach 


83 f 0 aAV g 


83 |aaAi g 


89 ^ 11 % 

npa |o soifo 

oinssajd Jtiod’s^ 


p 9 ;«uxr:^so 
mJA. z tiiiinpD i|Dn|Ai 

m |(> 


1 ^ 

O' 

C!% 

m 

k 

9 

*b 

Cfe 

9 

. ob ■ 

■ Cfe ' j 




00 ■ 

t> 

f'* * 


db 

6 


£? 

CJO ; 

1 




I;'** 

C3S 

O ' 












W. YOUNGMAN 


151 







From Table III given above it will be seen that a vapour pressure of 
0*87^ (0-O213 grm. water vapour per litre of air) may be taken as the safest 
maximum to which Indian barley intended for germination may be exposed. 
Exposure to this amount of humidity for fourteen weeks has no deleterious 
effect. Exposure to greater amounts of humidity than this is serious. Avapour 
pressure of 0*89" (—0*0216 grm. water per litre of air) after fourteen weeks or 
less reduces the germination by roughly some 25 per cent, and greater humidity 
than this totally destroys germinating power in fourteen weeks or less. 

Comparisons between Table III and the maps showing the aqueous 
vapour pressures inland for the months of May and July are instructive. A 
series of these maps for each month of the year is to be found iu the 
‘‘ Climatological Atlas of India.” For fuller details a reference to them may 
be made. In short it may be said that conditions in June are intermediate 
between May and July and that July conditions represent somewhat those of 
August and September. October to April rarely show^s vapour pressures 
above 0*85" anywhere, not even on the seaboard. After May barley 
in North-Eastern India is to be regarded as having been subjected 
to atmospheric conditions that have a deleterious effect upon its 
germination. Unless extraordinary storage precautions be taken barley 
in this region during the period of the monsoon will have its germination 
reduced by anything up to some 25 per cent. Thus we see where and 
why the cultivator’s seed rate is high. Barley required for nm-lting purposes 
(or any other use involving its germination) should not be that exported from 
Calcutta after May. Bengal, Bihar and Orissa, and Oudh produce the barley 
exported from Calcutta. Its germination could, if necessary, be fully 
protected by transporting it from the danger zone toward Karachi or 
Bombay before, say, the end of June. This would involve some extra cost for 
increased railway transport. It should not be stored on the Western seaboard 
area. Barley in North-West and Central India has its germination 
unimpaired throughout the year and if exported from Bombay or Karachi, 
and not delayed long in the seaboard area, wnll not have suffered from 
the effects of harmful atmospheric conditions. It might be supposed that 
humidity conditions over the ocean which the grain would encounter during 
seaborne transport to Europe are above the safety maximum. They 
may be, but on a normal voyage they are not likely to last sufficiently 
long to have a serious effect. 

In conclusion, I wish to acknowledge the assistance received from Mr. 
Wilson, of the Indian Agricultural Service ; The Director of Statistics, India ; 


and The Director-General of Observatories, Indian Meteorological Department. 






CORRELATION OP COLOUR CHARACTERS 

IN RICE. 

BY 

G. P. HECTOR, M.A., B.Sc., 

Economic Botanist to the Government of Bengal. 

[Eeceived for publication on 10th June, 1921.] 

In the account given below, the inheritance of the following characters 
in the rice plant is discussed. 

(1) Colour characters due to soluble pigment occurring in various 

parts of the growing plant. 

(2) Colour of the mature kernel, i.e., the husked grain. 

(3) Colour of the mature inner glumes, i.e., the husk. 

Most of the above characters have been found to give definite Mendelian 
ratios, and many have been proved to be inherited in groups or patterns and 
not independently. It is mainly from the latter point of view that they are 
described in the present paper. 

The characters noted above will be taken up in order. 

Colour characters due to dissolved pigment. 

A large number of varieties of rice are characterized by the presence of 
coloured pigment distributed tluoiighout various parts of the plant, but the 
majority of varieties are devoid of colour and are wholly green during the 
vegetative period. The colour is due to soluble pigment dissolved in the cell 
sap. This colour can be made a basis for classification into (1) coloured 
varieties and (2) green or colourless. 

The colours concerned range from reds through blues to deep purple ; 
the difference in colour being generally due simply to the degree of 
concentration, but in certain cases apparently to their being in themselves 
intrinsically different. 
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CORRELATIOK OP COLOOR CHARArrKRs JN Rjcg 


The chief situations of this coloiii’ are : — 

(1) The leaf-sheath, puhhmis of leaf, ligiiie and auricles. 

(2) The internode. 

(3) The small outer glumes. 

(4) Apiculus of the inner glumes. 

(6) The inner glumes as distiiict from the apiculits. 

(6) The stigma. 

The above will be readily imderstood by a reference to the plate. 

The varieties so far studied at Dacca vith reference to the distribution of 
these colours may be broadly grouped as follows 

(1) Varieties ^vith leaf-sheatbs, apicuJu.s of glmnes and stigma coloured. 

( ) Leaf-sheaths and apiculus of gluuies coloured,, but stigma colourless 
(white). 

(3) Apiculus of glumes only coloured. 

^ Each of these groups may have, colour in other parts also, such as the 
nodes, rnternodes. outer glmne.s and body of inner' glumes as distinct from 
the small spot of colom- at the apex, the so-called apiculus. Indeed the 
CO our IS found in so many combinations, each breeding true in pure-line 
cultures that any satisfactory gi-ouping is jrot ].ossii,Io. Tyjres can only be 
described. Moreover, varieties which outwardly a],j,c>ar similar in colour 
characters may be found on investigation to have the colour situated in 
different parts of the cell-anatomy; as, for example, in the internode and 
leaf-sheath, where varieties which outwardly appear the same may have the 
coloim situated lu the epidermal layer only, or in the bundle sheaths only, or 
in both together. 

Early results,' obtained chiefly from the analysis of the offspring of 
natural crosses, showed that these coloiu-.s were frequently due to the 
n^ action 0 several factors, and that they were often combined into 
patterns which were inherited as a whole. In order to investigate the 
mode of inheritance of the.se colour patterns more thoroughly, a series of 
cios&es were made between a number of variously coloured paddies and 

the^rerr discussed below have all been derived from 

colonr'^' ^ ^ experiments. In the first place, the inheritance of 

refer “ situations refeiTed to will be described without 

discils^ kter ^ otters. The combinations of the colour characters will be 









1. PANKHIRAJ: 2, MATICHAK; 3, NOACHUR; 4. MURAMAGAR 



5. SURJAMUKHI: 6. BAILABAKRI: 7. AGARTOLLAH : 8. CHITTAGONG 
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Colour in the leaf-sheath. 

The development of colour varies greatly. It is generally developed 
mainly m the epidermis and underlying layers of the inside of the leaf-sheath, 
in the epidermis and adjacent layers of the outside of the leaf-sheath, in the 
tissues surrounding the bundles (bundle-sheaths), and may also occur scattered 
in the general parenchyma. Frequently, on the outside of the leaf-sheath it 
IS found only in the epidermal layer towards the margin, thus producing the 
conspicuous red line seen in some varieties running down the overlapping 
edge of the sheath. These difierent colour situations may be due to different 
factors, but in our experiments, colom-ed leaf-sheath means simply the 
presence of colour of any sort visible from the outside to the naked eye. This 
colour in the leaf -sheath has always been found dominant to its absence, and 
to segregate in F,. in a simple 3:1 ratio, a 9 : 7 ratio, a 27 : 37 ratio, and in a 
15 : 1 ratio. Thus the colour is due either to a simple factor or to two or 
more interacting factors. 

The table gives details of crosses in which these various ratios have been 
obtained : — • 


Theoretical 

Variety 


P 


Observed ratio 

ratio 

Colour X no colour 


Colour 

: no colour 

Colour : 

no colour 



i 

■ Total 6 

’ families ) 



3 ; 1 

Pankhiraj X Pooklii 

i 


1 

( 

‘ 3*2 : 

1 



1 

1,015 ; 

317 / 





/ 

One 

family 1 




Surjamukhi‘~*-X Pookhi 

i 


> 2-S : 

1 



1 

731 : 

261 / 




Mnramagar X Pooklii 

I 

1 

Total 4 

families | 

818 f 

2-6 : 

1 


2,198 : 





( 

Total 9 

families 1 




1 Matichak x Pooldii 

1 

2,703 : 

829 f 

3*2 : 

1 



f 

Total 7 

families 1 




Bailabakri X Pooklii 

t 

3,485 ; 

1,202 ) 

2*8 ; 

1 

9:7 1 

(1-2: 1) -f 


i 

Total 4 

families 1 



Agartollah X 0 25 

1 

2,670 : 

1,999 f 

1-3 : 

1 




Total 2 

families \ 



<a t i I 

(1 : 1-3) J- 

0 9 X 0 25 

{ 

644 : 

686 / 

1 ; 

1-06 



{ 

Total 3 

families \ 



16 : 1 

1 

Foachur X Pookhi 

1,129 : 

70 f 

lea : 

1 
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COBRELATION OV COhOVR CHAEACTEES IS EICE 


2. Colour m the lioule. 


In two varieties out of those experimented with, tlie ligiile is coloured. 
In the first, the colour segregates in -a 9 : 7 ratio, in the second in a 27 : 37 
ratio. The details are given in the table. 


Theoretical 

Variety 



F. i 

Observed ratio 

I’atio 

Colour X no 

colour 

Colour 

: ]io colour | 

Colour : 

no colour 

9 : 7 i 

(1-2 : 1) 



t Total 

4 families „ ; 



: Mnraraagar x 

Pooklii 1 

r 

1 

: !,:no 1 ' 

: i. *20 ; 

r i 

27 : 37 V 
(1 : 1-3) ) 



j Total 

1 1,972 

.S families i i 



Agartollah X 

C 25 I 

* i 

: 2,097 J 

1 1 i 

1*36 


3. Colour in the pulyinus and auricles. 


In two varieties experimented with, colour is found in the pulvinus and 
auricles, viz.^ hi the variety Bailabakri and in tlie variety Agartollah. These 
both segregate in a 9 : 7 ratio as shown in the table. 


Theoretical 

Variety 



Po 


! 

Observed ratio 

ratio 

Colour X no 

colour 

Colour 

no colour 

Colour : no colour 

9:7] 

(1-2 : 1) j 



j Total 

S 

families \ 


Bailabakri X 

i 

Pookhi 

\ 2,607 


2,080 / 

1‘2 : 1 


! 

1 


( Total 


families \ 



Agartollah X 

i 

C 25 

1 2,670 


1,999 / 

1*3 : 1 

i 

i 

j 


4. Colour in the internode. 

As in the leaf -sheath, colour in the internode is found in the epidermis, 
in the bundle-sheaths, in the general parenchyma, or in various combinations 
of these. Here again coloured internode means simply visible colour in the 
internode,* as seen from the outside by the naked eye, irrespective of the 
situation of the colour. Colour has always been found dominant to its absence, 
and on crossing, has been found, in the varieties experimented with, to 


1 
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sogrcgajtc in a 3 . 1 ratio, a 9 ! 7 ratio and a 27 ‘ 37 ratio, Tlie results are 
given in tlie table : — • 

- “ f ~ ^ * 

Theoretical | Variety Observed ratio 

I Colour X no colour Colour ; no colour Colour ; no colour 

I 

I — ^ 

I ™ . i Total 1 family ) 

3 : 1 burjamukhi x PookM { > 2-8 * 1 

^ 731 : 261 i 

/ Total 3 families a 

Noachur x Pooklii { t '2*6 : 1 

I 867 : 332 / 

! / Total 4 families 

Muraiiiagar X Pookhi !- I. 2-6 : 1 

1 1 2,198 : 818 J 

j ( Total 7 families 'i 


9:7 1 

a-2: 1) f 


[ f lotai / tamiiies 'i 

Bailabakri x Pookhi | I 2*7 

ii 3,461 : 1,226 J 

f Total 8 families ^ 

Agartoliah X C 25 . } 1*3 

[ 2,670 : 1,999 J 


. -Q? 1 ( Total 2 families ^ 

a • l4 \ X C 25 I 1 

J t 468 ; 634 J 


5. Colour in outer glumes. 

Simple 3 : 1 segregation, as well as 9 : 7 segregation lias been found, 
as shown in the table. 


Theoretical 


9 : 7 1 
(1-2: 1) f 


Variety 

Colour X no colour 

Surjamukhi X 

Pookhi 

Noachur X 

Pookhi 

Bailabakri X 

Pookhi 

Muramagar X 

Pookhi 

Agartoliah X 

C 25 



Colour ; 

^2 

no colour 


/ 

Total 

1 

family 

1 

i 

750 

; 

242 

j 

1 

Total 

3 

families 

) 

t 

907 

: 

292 

/ 

f 

Total 

7 

families 

1 

1 

3,571 

: 

1,116 

J 

( 

Total 

4 

families 

1 

] 

1,647 

: 

1,369 

i 

1 

Total 

8 

families 

1 

1 

2,671 

; 

1,998 

1 

1 


Observed ratio 


30 : 1 
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GOBRBLATION OF COLOUR CHAilACTJiKS IN RICE 


6, Colour in the inner glumes. 

In many varieties with colour in the outer glumes, colour is also found 
in the inner glumes, aiiart from the spot of colour at the apex, the apiculus. 
This applies to all the varieties experimented with, ail with coloiu- in the 
outer glumes having the imier glumes also tinged with colour, and the two 
characters have been found to segregate together. Thus the table above 
applies also to the inner glumes. 

V ' 7. Colour in the apiculus. 

The apiculus or apex of the inner glumes is coloured in a large number 
of varieties. The colour consists of a spot at the extreme tip. As in other 
localizations, coloiu in the apieidus has been found to be due either to a 
single factor or to two or more interacting factors. Actual residts obtained 
are given in the table. 


Theuretical 

ratio 

Varietiy 

Colour X iio colour 

Colour 

P, 

110 colour 

Ubserved ratio 
Colour ; no colour 

a : 1 

Faukiiiraj x i’ookiii 

I' Total 

1 1,015 

5 

famiiiea ^ 

3‘2 ; 1 ' 



• 

317 J 



Muramagar x Pookhi 

/ Total 

4 

families -j 

2-6 :j 1 



\ 2,108 

: 

818 J 


Maticiiak x Pookiii 

/ Total 

9 

families \ 

3-3 ; 1 



l 2,714 


818 J 


9:7 ! 

(1-2: 1) } 

Agartoilah x G 2o 

2,671 

I 

’ 1,998 

1*3 : 1 

27 : 37 1 

(1 : 1-3) 1 

0 Q X C 25 

1 Totiil 
t 644 

2 

families 

1 I 1"0() 


•V 

686 J 

15 ! 1 

SurjamukM x Pookiii 

I” Total 

1 946 

1 

family ^ 

20*5 ; 1 



; 

46 / 



Noacimr x Pookhi 

r Total 

3 

families 'I 

i6T : 1 



t 1,131 

: 

6S / 



Bailabakri x Pookiii 

f Total 
l 4,300 

7 

families *| 

14'7. ' ; 1 , 



• 

297 j 
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8. Colour m the stigma. 

A coloured stigma is found in a large number of varieties. The colour 
varies in intensity from a pale red to a deep purple. It has been found to be 
due to a simple factor or to several ixiteracting factors, as shown in the table : — ' 


TlieoreUoai 

Variety 




Observed ratio 


ratio 

Colour X no colour 

Colour 


no colour 

Colour : 

no colour 




[ 

i' Total 

5 

families ^ 



3 

i 1 

Paiikhira.j X Pookhi 

) 

1 1,015 

: 

317 J 

3-2 ; 

1 




i Total 

1 

family 

261 / 





Surjamuklu X Pookhi 

1 731 


2*8 : 

1 




^ Total 

[ 870 

i 


families s 





N oac till r x Poo khi 


329 j 

2-6 : 

1 



Muramagar X Pookhi 

j Total 

1 2,198 

4 

families 

2*6 ; 

1 




818 / 






j Total 

0 

families n 





Matichak x Pookhi 

{ 2,703 


829 f 

3*2 : 

:i 




1 ” Total 

7 

families 'v 





Bailabakri X Pookhi 


1 

2*8 : 

1 




\ 3,485 


1,202 / 



27 

: 37 1 

C 16 X G 25 

I" Total 

1 471 

2 

families ^ 

1 ; 

1*3 

(1 

: 1-3) i 

: 

631 j 



81 

(1 

: 175 1 
: 3-1) f 


j Total 

1 469 

2 

families 'i 



C 9 X C 25 


861 J 

1 : 

1*8 




If 


Summary. 

In our experimexits the colour in these different situatioxis has been found 
to be due to a simple factor, segregating 3 : 1 in Fi, or to two, three, and iji 
one case to four interacting factors, giving ratios of 9 : 7, 27 : 37, 81 : 175 and 
15 : 1. Moreover, the genetic constitution of a colour character in any one 
type is no index of its constitution in ajiother type, the same character havixig 
in different types been found to give most of the above ratios. 

The eomhination of colour characters. 

Hitherto we have dealt with the inheritance of these colour characters 
independently of each other. It is, however, when vre consider them in 
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relation to each other, that most interest attaches to them. We give in the 
Appendix (I) a table showing the various combinations of colour characters 
which have been, found in 211 varieties critically examined. On examination, 
it is found that certain combinations occur more frequently than others, while 
on the other hand certain combinations are never found. The most frequent 
combination is that of the leaf-sheath and apiciiliis of the inner gliimes. This 
combination occurs together in 162 varieties out of the 211 examined. The 
next most common combinations are the leaf-sheath, iiiternode and apiculus 
which are found together in 154 varieties, and the leaf -sheath, apiculus and 
stigma occurring together 98 times. Conversely, it is to be noted that certain 
combinations are absent, e.g., colour in the leaf-sheath and stigma is never 
found without colour in the apiculus, though the apiculus may be coloured 
without colour in the leaf -sheath or stigma. It is therefore to be expected 
that, on crossing with colourless varieties, these combinations will ordinarily 
be foimd to stick together as patterns, while, conversely, other combinations, 
which should be found if independent segregation is taking place, will be 
lacking. This has been found to be the case. 

In the experiments detailed below, the following combinations have 
been worked with (cf. Appendix II) : — 

1. Variety Pankhiraj — coloured"^ leaf -sheath, coloured apiculus^ 

coloured stigma (Fig. 1). 

2. Variety Matichak-— coloured leaf-slieath, coloured apiculus, 

coloured stigma (Fig. 2). 

3. Variety Noachiir — coloured leaf-sheath, internode, outer glumes, 

inner glumes, apiculus, stigma (Fig. 3). 

4. Variety Minamagar — coloured leaf -sheath, ligule, internode, outer 

glumes, inner glmnes, apiculus, stigma (Fig. 4). 

5. Variety Surjamukhi— coloui-ed leaf -sheath, iiiternode , outer glumes, 

inner glumes, apiculus, stigma (Fig, 5). 

6. Variety Bailabakri—coloured leaf-sheath, internode, pulvinus 

and auricle, outer glumes, inner glumes, apiculus, stigma 

(Fig. 6). 

7. Agartollah—coloui’ed leaf -sheath, internode, pulvinus and auricles, 

ligule, outer glumes, inner glumes, apiculus (Fig, 7). 

The first six have in each case been crossed with a wholly green variety, 
Pookhi, while the seventh has been crossed with a green variety, C 25, and 

In the descriptions the word ‘‘ coloured ” only is used, But the coionrs themselves vary;, 
and the exaet shade of colour can be seen by a reference to the plate. 


Utf'liHimi] O' BOTANY, 

uNlVEHSliy Of ALLAHABAD, 


G. P. HECTOE 161 

puiG-liEG material has been used throughout. These crosses will be described 
in order. 

1. Variety Paiikhiraj x Variety Pookhi. The system coloured leaf- 
sheath, apiciiliis, stigma ” has been found to stick together absolutely, giving 
3 coloured plants : 1 green plant in F 2 > the total of 5 families giving 3*2 
coloured : 1 green (of. tables above and Appendix II). 

2. Variety Matichak x Var. Pookhi. The same combination behaves 
the same way as in No. 1, the total of nine families giving 3*2 coloured : 1 
green. 

3. Variety Noaohur x Var. Pookhi. 

(A) The system '' leaf -sheath and apiculus ’’ sticks together (2 

exceptions were found out of 1,199 plants, viz., two plants with 
coloured apiculus but green leaf -sheath) and segregates 15 
coloured : 1 green in (total of 3 families gave 16*1 coloured : 
1 green). 

(B) The system '' internode and stigma ’’ sticks together (3 exceptions 

were found out of 1,199 plants, viz., three plants with coloured 
stigma and green internode) segregating 3 coloured : 1 green 
(total three families gave 2*6 : 1), 

(C) The colour in the outer and inner glumes gives 3 coloured : 1 green 

(total of three families gave 3*1 : 1). 

In this variety there are thus three systems : (1) leaf-sheath and 
apiculus ’’ (2) internode and stigma (3) ^touter and inner glumes.’’ We 
shall call these A, B, C and treat each in relation to the other two. 

I. A and B. A alone segregates 16 : 1, B alone segregates 3 : 1. On 
crossing with a colourless type (ab), we should therefore get, if A and B are 
due to difierent factors segregating independently of each other- - 


45 AB : 3 aB : 15 Ab : 1 ab. 

Actually observed, 870 AB ; 0 aB : 261 Ab : 68 ab (3 families of 1,199 plants). 

The class aB (i.e., the combination of ‘‘ green leaf -sheath and apiculus ” 
with coloured internode and stigma ”) is absent. 

This result can be brought about if system B (internode and stigma) 
is due to a single factor, and system A (leaf-sheath and apiculus) is due to 
two factors, viz., to the factor responsible for B, together with a further 
factor, interacting with the factor responsible for B in such a w-ay that both 
or either produces colour*. This is the same as saying that one factor is 
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common to both, or that, if there are two factors, they must be completely 
inked. We get thus— 


13 A 



AB 

: aB 

Ab : 


9 

: 3 : 

3 : 







13B 

4 b 

or 

. , 12AB 

: 0 aB : 

3 Ab : 

Observed 

.. 870 

: 0 : 

261 : 

Expect 

899-04 

: 0 ; 

224*76 : 


1 a 

ab 

1 


OS (S families, of 1,. 109 plants) 


The above is a common mode of segregation, occurring frequently in 
many varieties. It is to be noted that the combination which is wanting is one 
which does not occur in the 211 varieties examined (i^. Appendix I). 

II. A and C. The case is exactly comparable to I, system A segregating 
15 : 1, system C, 3 : 1 ‘ a 



AC 

aC 

: Ac 

: a.e 

Observed 

907 

0 

: 224- 

: 68 

: 74' 

Expect 

899-16 : 

: 0 

: 224-79 

Batio 

12 : 

0 

: 3 

: i 


Again the combination wanting, viz., “ green leaf -sheath and apiculus ” 

(ff) with “coloured outer glumes ” (0), is not found in the 211 varieties 
examined. 

III. B and 0 Both segregate 3:1. We therefore expect, if iadepen- 
dent segregation is taldag place- 



BO 

: Be 

: be 

; be 



9 

: 3 

3 

: 1 


Observed 

648 

; 222 ■ 

; 259 

: 70 

(1,199 plants, 3 

Expect 

674-37 . 

: 224*79 

: 224-79 

: 74-93 

families) 


ratios. 


Segregatio,!! is iiidepeadeaf and all coiabiaatioiis 


'i occur ia their expected 


4. Variety Muramagar x Var. Pookhi. 

(A) The system “ leaf-sheath, internode, apicnlus and stigma ” sticks 

together absolutely, giving 3 coloured: 1 colourless (total 4 
families, 2-6:1). 

(B) The colom- in the ligule segi-egates 9 coloured : 7 colourless (total 4 

families, 1-2 : 1). 

(C) The colour m the outer and inner glumes gives 9 coloured : 7 

colourless (total 4 families, 1-2:1). 
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1. A and B. A segregates 3 : 1, B 9 : 7. HA and B are due to separate 
factors, segregating independently, we should get— 


Actually observed .,1,046 : O : 552 :818 (4 families of 3,016 

plants) 

The combination of “ green leaf-sheath, internode, apiculus, and stigma ” 
(a) with “ coloured ligule ” (B) does not occur. 

This again can be brought about if system A is due to a single 
factor, and system B to the same factor, together with a second 
factor interacting with the factor responsible for A in such a way that 
the presence of both is necessary for the production of colour. Thus again 
one factor is common to both, or the two factors must be completely 
linked. We thus get - 

12 A 4 


A 3 : 

1 

a 

B 9 : 

7 

b ^ 

27 AB : 

9 

aB ; 

» 1,646 : 

0 



0 aB : 21 Ab : 7 ab 

0 : . siia / 


or 

Observed 

Expect 


AB : 

Ab ; 

aB : 

ab 

0 : 

3 : 

3 : 

1 

9B I 


7 b 


9AB : 

. 3Ab ! 

OaB; 

4 ab 


1,646 

1,696*5 


0 ; 818 (4 families of 3,016 

plants) 

0 ; 754 


II. A and C. A segregates 3 : 1, C 9 : 7. This case is exactly com- 
parable to tbe former—' 

12 A ‘la 


or 

Observed 

Expect 


9:C : 

9 AC : 3 Ac 

1,647 : 551 

1,696*5 : 565*5 


0 aO : 4 ac 

^ • 818 (4 families of 3,016 

! plants). 

0 754 


Tbe combination of green leaf "sbeath, iiite^r^^ apiculus and stigma ' 
^a) witb. ®\coloured outer glumes ' ’ (C) does not occur. 
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III. B and C. B segregates 9 : 7, C 9 : 7, so if segregating indepen- 
dently the expected ratio is — 


i) B :7b 

9 C :7c 



Observed 

Expect 


SI .BO : 03 Be : 03 l:>C 

1,253 : 393 : 394 

9o4*3 : 742*21 : 742*21 


49 !)c 

970 (4 families of 3,010 
plants) ■ 

O i' i *2 < 


Here the expected combinations are all present, rlioiigh not in the 
expected ratios. There are too many of tlie parental rypes, BC and be, and 
too few of the cross-over types. The actual ratios obtained in the four 
difierent families were a.s follows 



BC 

: Be 

bC . 

he 

L 

92 

: 30 

27 

90 

2. 

im 

; 5S 

48 

118 

3. 

834 

: 200 

290 

714 

4. ' ^ 

131 

: 33 

23 

54 

Total 


: 393 

394 

970 

The figures art 

somew’hat 

irregular 

but on 

examination some of the 

ratios obtained are found to be a fairly dose ap|u*oximation to expectation 

on a basis of a 7 
expected ratios are- 

: 1 coupling of the parental gametes. On this basis the 

1- 

122*81 

30-93 

30*93 

60*33 

2. 

210*53 

33-14 

50*14 

103*39 

3. 

. 1057*69 

206-44 

266*44 

519*42 ' 

■ 4, 

120*80 

30-44 

30-4.4 

50*32 


To definitely prove the gametic constitution of the F|, it would be neces- 
sary to backcross it with the recessive parent, a very laborious undertaking 
in the case of a cereal like rice, as each cross results only in the production of 
one icrtilized seed, and to obtain only 10) plants would require 100 crossings, 

and that assuming all were successful and all seeds germinated and reached 
maturity. 


5. Variety Surjamukhi X Variety Pookhi. 

(A) The combination “ leaf -sheath, internode and stigma” sticks 
together absolutely, givins 3 coloui'ed : 1 cnJoui /OQ9, 
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(B) Colour in outer and inner glunaes gives 3 coloured : 1 colourless 

(992 ]3laiits gavo 3 : 1). 

(C) Colour in tlie apienliis gives 15 : 1 (992 plants gave 20 : 1). 

I, A and B. A segregates 3 : 1, B 3 : 1. If independent segregation 
takes place,; we expect— 


Observed 

Expect 


9 AB 
o35 
558 


: 3 Ab 

3 aB : 

1 ab 

: 196 

215 : 

46 (992 

: 186 

186 : 

62 


Segregation is independent according to expectation. 

II. A and 0. A segregates 3 : 1, C 15 : 1. If independent segregation 
takes place, the expected ratio is — 


Observed 


45 AC : 15 aC : 3 Ac : 1 ac 
731 : 215 : 0 : 46 (992 plants) 


The combination of “ green apiculus ” (c) with “ coloured leaf -sheath, 
internode and stigma ” (A) is not found. As in former cases of the sort, A 
is due to a single factor, 0 to a second factor interacting with the factor 
responsible for A in such a way that either or both produces colour. Thus -- 



12 A 

: 4 a 




AC 

Ac 

: aO ! 

ac 



9 

3 

: 3 : 

1 




15 C 


1 c; 


or 

12 AO 

3 aO 

: OjAc 

1 ac 


Observed 

731 

215 

: 0 

46 


Expect 

744 

186 

: 0 

62 


III. B and 0. 

B segregates 3 : 

1, C 15 : 

1, SO 

this case is 

comparable to II. 






Ratio 

12 BC 

3 bC 

: 0 Bo 

1 be 


Observed 

750 

196 

: 0 

46 

(992 plants) 

Expect 

744 

186 

: 0 

62 



The combination of “ coloured outer glumes ” (B)with “colourless 
apiculus ” (c) is not found. 

6. Variety Bailabakri x Pookhi. 

(A) The combination “ leaf -sheath, internode, stigma” sticks together 
(24 exceptions out of 4,687 had green internodes) and gives 3 
coloured : 1 colourless (total 7 families, 2-8 : 1). 


it 




I 
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(B) The “ piihinus and auricles ” stick together, giving 9 coloured ■ 7 

colourless (total 7 families, 1-2 : 1). 

(C) Coloured outer and inner glumes give 3 coloured : 1 colourless 

(total 7 families, 3‘1 ; 1). 

(D) Coloured apiculus gives 15 coloured : 1 colomdess (total 7 families. 

14-7 : 1). 

I. A and B. A segregates 3 : 1, B 9 : 7. If independent segi-egation 

takes place, we expect — 

27 AB : 9 aB : 21 Ab : 7 ab 

Observed .. 2,607 • 0 . qvq . i /-tr m. 

• 4202 (7 families of 4,687 

plants) 

The combination of “ coloured pulvinus and auricles” (B) with “ oreen 
leaf -sheath, internode, stigma ” (a) is not found. 

This case is comparable to previous ones. A is due to a single factor, 
B to a second additional factor interacting with the factor responsible 
for A in such a way that the presence of both is necessary for the production 
of colour. Thus we get— 

12 A 


4 a 


AB : 

9 : 

Ab I 

3 : 

aB 

3 

ab 

1 

9 B : 

or ... 9 AB : 

Observed . , 2,607 : 

Expect 2,636*43 : 

3 Ab : 
878 : 

878-81 : 

7 b 

0 aB 

0 

0 

4 ab 
1,202 
1,171-75 

. A and C. A segregates 3 

: 1,C 3 

: 1. 


Expected ratio 9 AO : 

Observed . . 2,666 : 

3 Ac : 
819 ; 

3 aC ; 
905 ; 

: 1 a-c 

; 297 (': 

Expect ,, 2,036*37 : 

878*79 : 

878*79 ; 

292*9.3 


plants) 


Segregation is independent and according to expectation. 

III. AandD. Asegregates 3 : 1, D 15 : 1, so expected ratio, if indepen- 
dent segregation takes place, is— 


3 A 
15 B 


1 a 
1 d 


Observed 


45 AD : 15 aD 

3,486 : 905 


3 Ad : 1 ad 

0 : 297 (7 familieR of 4,687 

plants ) 
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Here the combination of “green apicnlus” (d) with » coloured leaf -sheath, 
internode, stigma ” (A) is not found. 

A is again due to a single factor, D to a second additional factor 
interacting with the factor for A, both or either producing colour. Thus - 


Observed 


Expect 


Ad ; aD 


12 AD : 3 aD : 0 Ad 1 


3, 515* 16 : 878*79 : 0 


(7 families of 4,087 
plants) 


IV, BandO. B segregates 9 : 7, C 3 : 1. If independent segregation 

takes place, the expected ratio is — 


Observed 


Expect 


27 BC : 21 bC : 9 Be : 7 be 

1,992 : 1,579 : 615 :501 (7 families of 4,687 

plants) 

1,977*33 : 1,537*92 : 659*1 : 512*64 


Here all expected combinations are found in expected ratios. 

V. B and D. B segregates 9 : 7, D 16 : 1, so if independent segregation 
takes place, the expected ratio is — 


135 BD : 105 bD : 9 Bd : 7 bd 


Observed 


2,607 ; 1,783 


0 : 297 (7 families of 4,687 

plants) 


The combination coloured pulvinus and auricles (B) with ^'green 
apiculus ” (d) does not occur. 

If B is due to two interacting factors, both necessary for the production 
of colour, and D due to the same two, but either alone capable of producing 
colour, we get the required result. Thus — • 


Bd : bD 


6 bD : 0 Bd ; 1 bd 


2,607 ; 1,783 

2, .636*37 : 1,757*58 




Observed 

Expect 


: 297 
; 292*93 
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VI. CandD. C gives 3 : 1, D 15 : 1, so expected ratio, if segregating 
independently, is — 


45 CD : 15 c D 

Observed .. 3,571 : SI 9 


(7 families of 4,687 
plants) 


The combination of coloured glumes (C) witli green apiculus (d) does 

not occur. 

This IS the same as previous cases, viz., C due to a single factor, D to two 
factors, the factor responsible for C and an additional one, bothoreither 
capable of producing colour. Thus— 

12 C 4 d 

CO : Cd : cl) cd ' 

9 ! 3 : 3 : 1 


Observed 

Expect 


15 1) : Id 

12 CB : 3 cB : 0 Cd : 1 cd 

3,o71 : Sill : 0 : 297 (7 families of 4,087 

plants) 

3,515*16 : 878*79 : 0 : 292*03 


7. Variety Agartollah X Variety C25. 

(A) The combinaticn “ leaf -sheath, puhdmis, auricles, internode, outer 
glumes, inner glumes, apiculus ” sticks together (1 exception was found 
in 4,669 plants examined, m., one plant wdth coloured apiculus and 
coloured glimies, but green leaf-sheath, internode, pidAunus and auricle), 
giving 9 coloured : 7 colourless (total 8 families, 1-3 : 1). 

(B) The ligule gives 27 coloured : 37 colourless (total 8 families 
1: 1-3). 

I. A and B. A segregates 9 : 7, B 27 : 37. If independent segregation 
takes place, the expected ratio is— 

A 9 ; ■ 7 a 

B 27 : 37 b 

243 AB : 189 aB : 333 Ab : 259 ab 
Observed .. 1,972 : o : 699 ; 1,998 (4,669 plants, 7 

families) 

The combination of “ green leaf-sheath, piilvinus, auricles, internode, 
outer glumes, apiculus” (a) with coloured ligule (B) does not occur. 
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Here A is due to two interacting factors, B to three, viz., the two respon- 
sible for A together with an additional one, all three being necessary for the 
production of colour in B. Thus— 

S6 A : 28 a 


ABC : ABc : AbC : aBC : Abe : aBc ; abC : ab 

27 ; 9 ; 9 : 9 : 3 : 3 ; 3 : 1 


27 B : 37 b 

or . . 27 AB : 9 Ab : 0 aB : 28 ab 

Observed .. 1,972 : 699 : 0 : 1,998(4,669 plants, 7 families; 

ExjDeot .. 1. 969*29 ; 656-43 : 0 : 2,042-25 

Summary. 



1. , These colour characters which we have been discussing are sometimes 
simple, due to single factors or to several interacting factors. But frequently 
they are grouped into patterns or systems leaf -sheath, apiculus, 

stigma ”), which are inherited as a whole and segregate as if due to a single 
unit factor or to the same interacting factors. There is evidence, however, 
that the constituent parts of these patterns may be due to different factors, 
in vrhich case they must be completely linked. The evidence consists, first, in 
the fact that rare instances are found where the patterns break down. Four 
such cases have been found : (1 ) In the cross Noachur X Pookhi, the pattern 
coloured internode and stigma ’’ was found to breakdown three times out 
of 1,199 plants examined, giving 3 types in F^ with ''coloured stigma and 
green internode (2) In the same cross the pattern " coloured leaf-sheath 
and apiculus ’’ broke down twice out of 1,199 plants, giving two types in F 2 
with " colonized apiculus and green leaf -sheath.^’ (3) In the cross Bailabakri 
X Pookhi, the pattern " coloured leaf -sheath, internode and stigma ” broke 
down 24 times out of 4,687 plants examined, giving 24 plants with coloured 
leaf -sheath and stigma but green internode. (4) In the cross Agartollah x C25 
the pattern coloured leaf -sheath, pulvinus, auricles, internode, glumes^ 
apiculus ’’ broke down once out of 4,669 plants examined, w., one plant was 
found with colour in the glumes and apiculus, but with green leaf-sheath, 
internode, pulvinus and auricles. 

These exceptional cases might be simply mistakes in observation, but all 
were very carefully examined and if colour was present, it must have been 
developed to so small a degree that it could not be observed by the most 
critical examination, whereas the type plants .had the colour strongly deve- 
loped. It is to be noted, moreover, that all are cases in which colour failed 

2 




li'i! 
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to develop in some part of the pattern, so tliey could not be due to accidental 
crossing, and moreover., the Fi plants, tliougli not bagged, were grown isolated 
in pots. Accidental mixtoe too is ruled out, as we have no such types. It 
would seem, therefore, that they are real breaks in the pattern systems, or, at 
any rate, extreme negative variations in the development of colour in the 
part concerned. If, however, they are breaks in the pattern systems and the 
patterns are due to one unit factor, it is difficult to imderstand by what mecha- 
nism these constituent parts of the pattern can break away, as they appear 
occasionally to do. Another case of a break in correlation is discussed below 
under grain colour, viz,, betw^een red colour in the grain and colour in the 
ligule of the leaf. Similar cases of breaks in colour correlation have been 
described by ParnelF in rice ; and in other plants, notably by Emerson- in 
maize. 

Again, it has been proved that in same varieties localizations such as 
leaf-sheath, apiciiliis and stigma stick together absolutely and belong to the 
same system, as in the crosses Pankhiraj x Pooklii and Maticliak x Pookhi, 
where this pattern segi’egates 3 : 1 in (Nos. 1 and 2 discussed above) ; 
but again in variety Noachur x Pooklii (No. 3 above) and others, the 
leaf -sheath and apiciilus belong to a different system from the stigma, a 
system due to two interacting factors, segregating 15 : 1 ; whereas the 
stigma is united with the internocie, and is due to a single factor and 
segregates 3:1. 

2. These patterns or systems have been shown sometimes to segregate 
independently of other . systems, giving all expected combinations in expected 
ratios in F^, but frequently certain expected combinations are wanting, and 
the wanting combinations have been shown to be those which never occur in 
pure-line cultures. Examples of this are cases such as the cross Noachur x 
Pookhi. 

In Noachur the system leaf -sheath and apiculus (A) segi*egates 15 ; 
1 ; the system ‘'internode and stigma (B) segi^egates 3 : 1. 

On crossing with a colomiess type (ab) you expect, if independent segi*e- 
gation is taking place, — 

15 A : 1 a 
3 B ; 1 b 

45 AB ; 3 aB ; 15 Ab : 1 ab 

^ Pamell, E. R.,, Ayyangar, G. N. R. and Ramiab, iC. Tbe Inberitance of Characters in 
Rice, I. ” Mem, Dept, Agri, India, Bot, 8er., Nov. 1917, vol. IX, no. 2. 

2 Emerson, R. A. Genetic Correlation and Spurious Allelomorphisjm in Maize. ” 
wenty-fomth Am. Rep,, Agri, Exper, Siation, Nehrasha, 1911, pp, 59—82. 
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Actually tlie combination of aB (green leaf-sheatb and apicnliis witti 
coloured internode and stigma) is absent, and the ratio obtained is— 

48 AB : 0 aB ; 12 Ab : 4 ab 

In such, cases we must be dealing either with three factors, two of which 
are completely linked, or one factor is common to both systems, while a 
second additional factor, interacting with the common factor in such a 
way that the presence of either is sufficient for the production of colour, is 
responsible for the colour in the system “ leaf -sheath and apiculus ’’ (thus 
segregating 16:1). Thus — 

15 A 


AB 

9 


aB 

3 


Ab 

3 


1 a 

ab 

1 


12 B 


4 B 


it 




12 AB 


0 aB 


3 Ab 


1 ab 


This type of segregation occurs very frequently. 

Lastly, one instance has been found, viz., in the cross Muramagar x 
Pookhi, in which the parental combinations (in this case coloured ligule and 
coloured outer and inner glumes ; colourless ligule and colourless glumes) 
occur more frequently than expectation if independent segregation is taking 
place, some of the ratios obtained indicating a coupling of the parental gametes 
in the neighbourhood of 7 : 1. 

The final conclusions are— 

1. These colour characters are frequently inherited in patterns of groups, 
due either to one and the same simple factor or to the same interacting factors ; 
or due to several factors linked together. 

2. Considered in relation to other systems or patterns, independent 
segregation may take place, but frequently the groups are so inter-related 
that certain combinations, expected if independent segregation were taking 
place, are never found, and these combinations are those which are absent in 
pure-line cultures. 



Grain colour. 


The husked grain of rice is either some shade of red or white, A large 
number of crosses, both natural and artificial,’ have been examined with 
reference to grain colour and in all, with two exceptions, simple, independent 
3 : 1 segregation has been found. As the inheritance of this characterj, with 


{ 
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the exception of the cases ' referred to, presents no special interest, this 
account is confined to the exceptions. 

1. The first of these was found in the cross Agartollah x C25 already 
described in connection with colour of the vegetative parts. In variety 
Agartollah, the grain is dark red with irregular black marks on the ventral 
edge giving the grain a slightly piebald appearance. On crossing with the 
colourless variety C25 (white grain), the Fj is like the Agartollah grain but 
paler in colour, and in segregation is into 1 red piebald : 2 pale 
piebald : 1 white. 

Actual figures obtained in three families examined for grain colour are 
given below 



Bed piebald 

: Pale piebald 

! White 

1 

141 

329 ' ■ i 

;149 

2 

153 

360 

' ■ 184 

3 ' . . 

177 

342 

177 

i 

Total ; 

471 j 

1,031 ■ 

510 


It is, however, when we consider the relation of the gi’aiii colour to the 
colours in the vegetative parts, already described, that most interest attaches 
to this case. 

We have already seen in variety Agartollah that the leaf -sheath, pulvinus 
and auricle, intexnode, outer glumes and apiculus form a pattern (A), due to 2 
interacting factors and segregating 9 : 7 in F^, while the ligule (B) is due to 3 
factors and segregates 27 : 37, together giving, on crossing with the colourless 
(green);typePookhi— 

36 coloured leaf -sheaths, etc. (A) : 28 green leaf -sheaths (a) 

ABC : ABc : AhC : aBC ; abC : Abe ; aBc ; abc 

27 : 9 : 9 ; 9 ; 3 : 3 ; 3 : 1 

.V : 

27 coloured lignles (B) ; 37 green iigules (b) 

or .. 27 AB : 9 Ab ; 0 aB : 28 ab 

When we examine the distribution of the gi'ain colour with reference to 
the above, we find, with a few exceptions, all class AB (coloured leaf -sheath, 
coloured ligule) have coloured grains ; all class Ab (coloured leaf -sheath, 
colourless Iigules) have white grains ; all class ab (both colourless) have 
coloured and white grains in a ratio of 3 : 1* All white grains therefore, with 
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the few exceptions noted, are associated with colourless ligtdes, but not vice 


versa. 


The actual numbers observed in 4 families were as follows 


27 AB 

Observed 1,226 


9 Ab 
414 


28 ab 

1,267 (4 families of 
2,907 plants) 


Coloured grain — white grain 
1,220 6 


White grains : Coloured grains — white grains 

414 951 316 


27ABO 
Expect 1226*37 


9ABc 9AbC, 9 aBC, 3 abC 3 Abe, 3aBo, labo 
408*79 


953*85 


317*95 


It thus appears that the factor responsible for colour in the grain is the 
third or 0 factor resporxsible for colour in the ligule. When C is present, the 
grain is coloured (with the six exceptions noted) ; when C is absent, the grain 
is white. Thus the colour in the grain must be due to this factor 0, or to a 
factor completely linked with it. In this connection, the six exceptions with 
coloured ligules and wliite grains, are important, as furnishing further evidence 
in support of the latter view, for if one and the same factor is responsible for 
both ligule and grain, it is difficult to conceive by what mechanism these 
exceptions could come about. On the other hand, i£ two linked factors are 
responsible, then these exceptions are simply rare instances of breaks in the 
linkage, such as have already been noted above in the case of the colour patterns 
in the vegetative parts, in which some of the constituent parts have been 
seen occasionally to break away. 

2. The second exceptional case has been found in the cross 09 x 0 '26. 
Here the parent 09 had a dark red grain, 025 a white. On crossing, the Fi 
was like the 09 grain but paler, and in F, segregated into four types of grain, 
dark red, pale red, pale amber and pure white. The figures obtained in 3 
families examined are given in the table — 



Bark red 

Pale red 

Pale amber 

WMte 

1 ;■ 

69 

150 

16 

40 

2 .. 

48 

119 

34 

25 

3 .. 

67 

87 

36 

26 

Total 

184 

356 

85 

£0 



Ratio 


1 


2 


177 

1 


174 


CORREI,ATiOIf OB’ COLOUR CHARACTERS IN RtOE 


In tins case the figures again approximate to a I : 2 ; 1 ratio for red 
pale red, and white, but the white class appears to be of two sorts, vk., a 
pale amber class and a pure white. 

Summary. 

Red colour in the grain ordinarily gives simple 3 : 1 segregation in F 
and segregates independently of colour in the vegetative parts. Two cases’ 
owever, have been found in which segregation in F-. is into 1 red • 2 pale’ 
red : 1 white, and in one of these, the white are of two sorts, in equal 
numbers. In the other, the colour in the grain has been proved to be due 
either to the same factor which is responsible for colour in the ligule or 
to a factor completely linked with this factor. The fact that there ’are 
found a few cases of plants with coloured ligules and white grains, is 
evidence in favour of the latter view. 


Colour of ripe glumes. 

The colour of the ripe glumes of rice, i.e., the husk, is generally some 
b ade of yellow, red or black, or a mixture of these. The colour is often 
uniforia, but piebald grains are frequent. 

These ripe glume colom-s have been studied in aU the seven varieties 
discussed above with reference to colour in the vegetative parts, and those 
in which defimte results have been obtained are described below, together 
With a few Others. 

black \ xPookhi. Variety Pankhiraj ripens brownish- 

bUck (Fig. 1); variety Pookhi ripens yellow-brown. On crossing, the 
iipe F.gWis like Pankhii-aj. brown-black, and in F, segregation is 
complete into 3 Pankhiraj glumes : 1 Pookhi glume. Actual figures obtained 
are given in the table. 


Parents 

Brown-black : Yeliow-brown 

Eatio 

Eaakhiraj x Pookhi 

C9 : 26 

157 : 52 

206 : 57 

93 : 23 


Total 

525 ; 158 

3*3 ; 1 
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W e kave seen above tbat tbe colour in tbe vegetative parts of PankluTaj 
forms a pattern, viz. coloured leaf-sbeatb, apiculus, stigma,” segregating 

3 coloured : 1 green in F^. Considered in relation to tMs colour in the 
vegetative parts, we find the colour of the ripe glumes segregates 
independently, giving 9 coloured, black : 3 coloured, yellow-brown : 3 green, 
black : 1 green, yellow-brown. Actual numbers observed were 401 coloured 
black ; 114 green, black : 113 coloured, yellow-brown : 44 green, yellow- 
brown. 


If 


2. Variety Matichak x Pookhi. The ripe glume of Matichak (Fig. 2) 
is almost indistinguishable from that of Pankhiraj , and segregation is 
in the same simple 3 : 1 ratio of black : yellow-brown, and independent of 
colour in the vegetative parts, as in No. 1. 

Actual figures obtained in three families examined were — 


Coloured plants 
Black glumes 

! 

Coloured plants 
Yellow glumes 

Green ■ plants 
Black glumes 

Green plants 
Yellow glumes 

225 

59 

64 

30 

279 

72 

127 

27 

202 

47 

48 

16 

Total 706 

1 

00 

239 

73 




3. Variety Noachur x Pookhi, Here the glume colour of both parents 
is almost indistinguishable and incapable of analysis in F2* 

4. Variety Muramagar x Pookhi. The glume colour of both parents 
is almost indistinguishable and incapable of analysis. 

6, Variety Surjamukhi x Pookhi. The ripe glume of Surjamukhi is a 
brick-red colour ( Fig. 5 ). In the Fi of this cross, the Pookhi 
glume (yellow-brown) is dominant, and in F^ segregation is into 3 Pookhi 
glumes: 1 Surjamukhi, 

Actually observed 742 : 250. 

Here again the ripe glume colour segregates independently of the colour 
in the vegetative parts, which have already been described. At flowering 
time, the glumes which ripen yellow-brown are pure green in colour, those 
which ripen red are a golden green. 

6, Variety Bailahakri x Pookhi. The glume colours of both parents 
are almost indistinguishable, and analysis is not possible in Fo- 


176 


COEEELATION OP GOLOX7E CHAEACTEES IN EICE 


7. Variety Agartollah X Pookhi. The glume colours of both parents 

are almost indistinguishable and analysis is not possible. 

In addition to the above, two other crosses have been examined with 
reference to ripe glume colour, and have given definite results. These are 
described below. 

1. Rajshahi 22 x Bogra, 17. Rajshahi 22 has glumes ripening brick- 
red like Surjamukhi, Bogra ripens yellow. Both varieties are colourless 
(green) as regards the growing vegetative parts. In F„ yellow ripe 
glumes are dominant, and in F„ segregation is as shown below. 

Rajshahi 22 X Bogra 17 


Yellow j Intermediate^ 

1 {yellow tV red) 

Red 

oS i . r>2 

! 

96 j 

i 

1 

9 




I I 


i I , , 
1 1 ,1 , 


i 

’ill; 


I ' ' ' ' 


An exactly similar result was obtaijied o.ri crossing tlie same Rajshahi 22 
with another variety with similar yellow-coloured glumes. 

Rajshahi 22 X Chittagong 22 


Yellow 

Intermediate 
( 3 ^ellow & red) 

Unifomi Red h 

■ Li 

88 

61 

9 

82 

58 

14 

47 

26 

8 

Total of both 371 

255 

4,7 


^ On examination it is seen that the figures closely approximate to a 

^ tio of 9 yellow . 6 intermediate : I red, the expectation on this basis 

bemg 378-5 : 255-44 : 42-06. 

On the above basis, the following results should obtain in Pg. The 
yeUow will he of three constitutions (1) pure yellow AB, (2) yeUow 

Fellow impure for both, as in 
^ These types wfil give (1) pure yellow, (2) 3 yellow : 1 intermediate, 

ye ow . 6 intermediate : 1 red. Reds being recessive will give reds 

only. ■ ; . , . . 
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The following actual results were obtained from yellow and red-glumed 

plants. 


F, 1917 

Yellow 

Intermediate 

Red 

Batio 

YEIiXiOW — 







2 families 

182 i 




1 




94 

- 

— 


Pure yellow 


8 families 

215 

67 






208 

59 







90 

30 


Yellow 

Intermediate 



114 

43 


1,222 

318 



81 

26 


^ expected 




140 

41 


1201*6 

401*6 



134 

43 


3 

: 1 



240 

71 





5 families 

105 

60 

8 

' Yellow 

Intermediate 

: Bed 


94 

70 

1 6 

1 

638 

373 

: 51 


01 

1 . 46 

1 

4 

. expected 




239 

j 129 

20 

697*5 

398*2 

; 66 3 


139 

68 

13 

9 : 

6 

1 

RiKD-— 







8 families . . 



91 







i 193 







144 

Yellow ! 

: Intermediate 

: Red 


• 

. . 

296 

8 : 

7 

i 1,544 



1 

206 

expected 




1 2 

2 

; 261 


pure red 



2 

4 

268 





! 1 

i 

•• 

06 

\J 




Tile excess of yellows in tlie families from yellow parents and the small 
numbers of yellow and intermediate in the families from red parents can 
easily be explained by natural crossing, as the ^2 plants were not protected. 
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2. Variety Kataktara x Charnak. Variety Kataktara lias again a 
brick-red kusk, Ckarnak a pale-yellow husk, Tire Charnak husk is dominant, 
and in Fg segregation is into 3 yellow : 1 red. 

At flowering time the glumes which ripen yellow are pale green, those 
which ripen red are golden-green in colour. There is no connection otherwise 
between the ripe glume colom-s and the coloms in the vegetative parts. 

Summary. 

In the results discussed above, definite ratios have been obtained in five 
cases. In two of these, Pookhi was crossed with varieties having glumes 
ripening black. In both, the Pookhi husk (yellow-brown) was recessive, and 
segregation was into 3 black : 1 yellow-brown. 

In another, Pookhi A\as crossed with a variety with glumes ripening 
red. Here Pookhi was dominant, and segregation into 3 yellow-brown : 1 
red. 

A similar result was obtained in the cross Charnak x Kataktara. The 
yellow glume of Charnak was dominant over the red of Kataktara. and 
segregation was into 3 yellow ; 1 red. 

In still another cross between yellow and red, yellow was again dominant, 
but segregation was into 9 yellow : 6 yellow and red : 1 pure red. 

In no case has any connection been proved between the ripe glume colours 
and the colours in the vegetative parts previously discussed. 




APPENDIX 1. 

Colour combinations of 211 coloured varieties of rice. 

I. Leaf-sJieath coloured, apiculus coloured, stigma coloured. 


Class -No. 



X = coloured. 

— = green (colourless). 

( 179 ) 



coloured, 

green (colourless). 



APPENDIX IL 

Goloiir Gombinatiom in seven f wre-line types of rice and in of crosses between 

them and green varieties. 



VarietieB. 


Pankliiraj 

Matlchak 

Hoaclmr 

Maramagar 

Surjamukhi 

Bailabakri 

Agartollah 


Pankliiraj X Pookhi, Po 


Matichak x Pookhi, 


X I X 1 1,016 

1 5 I 1,332 

- I . ~ M 317 


X I 2,703 

' 9 1 3,632 

- I 829 I 


X = coloured. 

green (colourless). 

: 181 ) 
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APPENDIX ll—conti. 


Varieties 

! Leaf-sheaths 

1 

I 

! 

1 

i QS 

! § 

i s 

^ ft 

Auricle 

Ligiile 

Internode 

Outer glumes 

Inner glumes 

w 

g 

3 

1 

i 

1 

1 

1 . 
i 

i c3 

1 a 

OQ 

No. of families examined 

Total No. observed 

Noachur x Pooklii, 


! 

i 











Class 

I 

K 

: - 

- 

- 

X 

X 

X 

X 

X \ 


648 


»» 

II 

K 


- 

- 

X 


- 

X 

X 


219 


*»' , 

III 

:< 

. 





— 

X 

X 


3* 


» 

IV 


- 

~~ 

- 


.X 

X 

>: 

__ 

3 

259 

•1,199 

■ 

V 

- 

- 

- 





X 



2* 


»» 

VI 


— 


- 



- 

— 

— J 


68 


Muramagar X Pookhi, Fn 













Class 

I 

X 

- 

- 

X 

X 

X 

X 

X 

X ' 


1,253 



II 

X 

- 

- 

- 

X 

X 

X 

X : 

X 


394 



III 

X 

- 

- 

X 

X 

- 

- 

1 

X 

X ^ 

4 

393 

.3,010 

»* 

IV 

X 

- 


- 

X 

- 

- 

1 X' 

X j 


158 



V 



— 

— 

— 

— 

~ 

— 

_ f 


818 . 


Snrjamiiklii x Pookhi, P., 













Class 

I 

X 

1 - 

- 

- 

X 

X 

X 

X 

X' 


535 \ 


9» 

n 

X 

i 

— 



X 

— 

. 

X 

X 


196 













1 

! 

1 

^ 992 

", 

III 


— 

— 

— 

— 

X 

X 

X 

— 


215 



. IV 




' — 

— 

— 


— 



46 i 



X == coloured. 

— = green (colourless). 
* Breaks in the pattern systems. 
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Varieties 

Leaf-sheaths 

m 

p 

1 

Auricle 

Ligiile 

Internode 

Outer glumes 

Inner glumes 

Apiculus 

stigma 

No. of families examined | 

Total No. observed 

Bailabakri X Pooklii, F. 













Class 

I 

X 

X 

X 

~ 

X 

X 

X 

X 

X 


1,992 -N 



II 

X 


- 

” 

X 

X 

X 

X 

X 


eu 



III 

X 

X 

X 

- 

X 

-- 

- 

X 

X 


507 



IV 

X 

! 

X 

__ 

X 





X 

X 


108 













7 


4,687 

>9 

V 

X 

— 

__ 

— 

X 

— 

~ 

X 

X 


180 


9» 

VI 

X 

- 


- 

■“ 



- 

X 

X 


24-* 


ff 

VII 

- 

- 

- 

- 

- 

X 

X 

X 

- 


905 


99 

VIII 

- 

- 

- 

- 

- 

“ 

*- 

- 

-J 


297 . 


AgartoUah x C25, Fo 













Class 

E: I 

X 

X 

X 

X 

X 

X 

X 

X 



1,972 ' 



II 

X 

X 

X 



X 

X 

X 

X 




698 

4,669 












8 



99 

III 

— 

— 

— 

— 

— 

— 

— 

— 



1,998 


99 

IV 

- 


- 

- 


X 

X 

X 

~ - 


1* 



X = ooloured.’l 

= green (colourless). 
* Breaks in the pattern systems. 





THE INHERITANCE OF CHARACTERS IN RICE, II. 



F. R. PARNELL, M.A,, Ag.Dip. (Cantab.), 

Government Economic Botanist, Madras, 

WITH THE ASSISTANCE OF 

G. N. RANGilSWAMI AYYANGAR, B.A., 

Assistant Economic Botanist ; 

K. RAMIAH, L.Ag., and C. R. SRINIVASA AYYANGAR, L.Aa. 

Assistanis in Rrnnmmn Untami 


and subsidiary tortile breeding of improved strains. It is frequently impos- 
sible, therefore, immediately to follow up and finish, ofi points of interest as 
they arise ; moreover it is often uncertain as to when they will be taken up 
again. In the circumstances it has been decided to publish any definite results 
as they become available without waiting for a degree of completion that 
may never be possible. 

Characters investigated. 

1. Golden colouring of inner glumes with modifying factors. 

Some earlier results in connexion with these characters were given in 
Part I, pp. 80 - 86 . The factors concerned have now been worked out in greater 
detail, though there are still certain points on which evidence is wanting. 

iPamell, P. R., and others. Mem. Dept. Agri. India, Bot. Series, IX. no. 2. 
Nov. 1917. 
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Four factors have been identified with certainty and one more p 4 . 

do.™ aie ■iwsone. T 

description is as follows notation, their 

G produces darH; gold. 

modifies all golden colouring to a corresponding degree of darlc 

‘^nd inhibits golden colouring of the internode. 

_ P^duces a pieWd pattern on dark gold or dark furrows 

gives Upped gold from dark gold, ripemng strofwhom ripening «old 
and gramdar dark furrcnvs of degrees ° 

' ly P«ve„ti„„ of 

>M “P"''”"' complioations, the inner glmea 

almost m-een !t fl is quite distinctive, the glumes being 

gola ot°nn,t„rily I’StViTfif frt’T" 

'e“ r 

employed " “ “'O "»«!»■> 

i« tlTripltlTttTta"* r““ '**'* “>'» 

if oee.™-,. o„ Xrt rS'" 


The factor G. 



_ uiie aosence oi I this factor produces a dark gold eolourine of 
tie inner glumee. The latter are definitely gold at flonXe Z d«ken 

pltTfi/r'T “ ■’“““V (Pl*tel.flg. 2.Z 

with age’ ° ' ” *' '1° ■I"’®” “PPreoiably 

blackhh browZ" 4‘«“P|K»rs and it is replaced by a 

blaelnsb bro, p g,nent, showing maiiUy in the farrows of the glumes mvine 

X “ : i’“r~<^<«-i-4n,fig. b). Fi^iZrC;: 

produced bZ «/»«»« and do,* goU are 

irZh xir ^ 

the ptZ’e”otT*'‘Z”" Z** “ ““ y«“ 

-^y an intensifying factor Wch dZXZ’XX 
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Dark gold, QGii, X ripening gold, ggii, gives an P, rather lighter 
than the dark gold parent. In P 2 an ordinary 5 ; 1 ratio of dark gold : ripening, 
gold i.s obtained, as shown by the figures given below. The ripening golds are 
easily separable with absolute certainty. In the dark golds two groups can 
be distinguished since the heterozygotes are rather lighter in colour than 
the pure dark golds. A strictly accurate separation is not possible, however, 
as shown by the fact that of 112 plants described as dark 13 proved 
heterozygous, and of 117 medium 2 bred true. 

Table I gives figures for a number of families in which this separation 
was made and shows a near approximation to the expected 1:2:1 ratio. 

Table I. 

Segregation 0 / G g i i . 


Origin of parent 

Ref. No. 

Dark gold 

G G i i 

i ' ' 

Medium gold 
Ggii 

I 

Ripening gold 
ggii 



1793 N 

231 

440 

206 



1797 N 

176 

409 

195 

Medium golds from 






No. 1247 N .. ■■ 


1798 N 

181 

411 

176 



1799 N 

180 

407 

198 

1 

i 

1800 N 

218 

463 

232 

Miscellaneous .*1 

8 lots 

1,658 

3,372 

1,674 

Total 


2,644 

5,602 

2,681 

* Calculated 1:2:1 . . 


2/07 , . 

5,413 

.2,707 


* N.B. All aaUiilattd ratios are given to the nearest whole numler to avoid Jractions. 

The following total figures were obtained by combining the families of 
Table I with others in which only the two main groups were separated 

Dark gold Ripening gold 

G i gi 

29 families .• •• 16,104: 5,483 

CalmilaUd 3 : 1 .» 16^190 : 5^397 

Entirely similar results are given in the segregation of the type g II 
where dark furrows replace gold. Here again three types can be distinguished 
in F 2 , though in this case there is some uncertainty in separating the recessive 
group of ripening furrows from the medium furrows. Thus of 21 plants 
assigned to the former group 1 proved* heterozygous, whereas of 26 noted as 
inedium 2 bred true to ripening furrows, 


-.1 



r*' 


1 
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The results of a number of families in which three groups were separated 
are given in Table II, which shows & 1 :2 : 1 ratio. 

Table 11. 


Segregation o/ 6 g 1 1 . 


Origin of parent 

Ref. No. 

1 

IDark furrows 

G a I I 

Medium furrows 
G g I I 

Ripening furrows 
g g I 1 

Gross No. i236JN .. 

i 1760 N 

288 

568 

254 



1 2221 N 

91 

ISO 

105 



2222 N 

72 

175 

67 

..... 


2223 N 

67 

117 

64 

Medium furrows from 






Na 1760 N ..s 


2225 N 

99 

219 

! 129 



2226 N 

144 1 

310 

151 



2229 N 

79 

148 

81 



2230 N 

67 

148 

72 

Miscellaneous 

4 lots 

409 

839 

428 

Total 


1,316 

o 

1,351 

Calculated 1:2:1 . . 


‘ 1,343 ; 

2,685 

1,343 


I The total figures for all families showing this segregation, two groups 

' ' only being separated, are as follows : — 

1 ! Dark furrows Ripening furrows 

■ ‘ 0 1 g 1 

/ ; 23 families ... ... 9,538 3,243 

’ ! ' Calculated 3 : 1 ,, 9,586 : 3,195 

\ 

j' ’ The factor I. 

I , As already noted the presence of 1 changes any form of golden colouring 

r. / of the inner glumes to a corresponding degree of dark furrows. This factor 

j ' ; was described in Part I, p. 82, as an inhibitory factor for gold, and figures 

j were given in Table III, p, 81, showing a 5 ; i ratio of green : gold due to this 

j; n segregation. The so-called green types, in reality various forms of dark 

I ; furrows, were described as green merely to indicate the absence of gold. The 

same S : 1 ratio for the presence and absence of 1 has been repeated in a very 
large number of later families, the two groups appearing, in all cases, being 
; , i corresponding types of dark fnrrows and gold respectively. 
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Where the golds are splitting into different groups, due to the segregation 
of G or one of the modifying factors, the dark furrows show the same groups. 
An example of this is given in Table III, showing the segregation occurring in 
Ggl i type, where the usual three groups appear in both golds and 
furrows. 

The first two families are F 2 ’s of a cross between dark furrows, GOI 1, 
and ripening gold, g g i i i the others are from plants oi G g I i constitution 
extracted from a more complicated cross. 

Table III. 

Segregation 0 / G g I i . 


Origin of parent 


Gross No. 1236 N . . 

Medium furrows from 
No. 1763 N 

Miscellaneous . . 

Total 

3:6:3 : 1 :2 : 1 .. 



Furrows 

Gold 

Bef. No. 

Dark 

Medium 

Ripening 

Dark 

Medium 

Ripening 


GGI 

Ggl 

ggi 

GGi 

Ogi 

g g i 

I 2569 

1 2573 

143 

325 

151 

54 

110 

58 

237 

482 

267 

81 

170 

74 

1763 N 

188 

385 

193 

80 

126 1 

75 

( 2237 N 

126 

230 

126 

43 

86 

50 

\ 2240 N 

80 

165 

78 

24 

49 

26 

1 2244 N 

75 

168 

86 

27 

59 

30 

3 lots 

215 

412 

237 

63 

166 

67 


1,064 

2,167 

1,138 

372 

766 

380 


1,104 : 

2,207 : 

1,104 : 

- j 

368 : 

736 : 

368 

-- J 



4,369 



1,518 




4,415 

jr 


1,472 



Counts have been made in a very large number of families showing 
segregation of I and the total figures are as follows : — 

Dark furrows (various) Gold (various) 

120 families . , 98,541 32,126 

OaUulaied 3 :1 , , 98,000 : 32,667 

Piebald factor P 

The action of this factor has been described in Part I, pp. 85 and 86, 
where figures are given, Table VII, showing a simple 3 : 1 ratio of piebald : 
self -colour in both gold and dark furrows. Only one further family giving 
this type of segregation has been examined; this was the of a cross 
between gold, QGiipp, and piebald dark furrows, GOI 1 P P. 




The following figures, showing approximately the 9 : 3 : 3 : 1 ratio 
expected, were obtained : — 



Bark 

FURROWS 

Gold 


Piebald 

G I P 

Seif -colour 

G I p 

Piebald 

G i P 

Self-colour 

G i p 

Ko. 1285 N 

969 

278 

283 

97 

9 : 3 : 3: 1 

1 

1 

1 915 

305 

1 

r 3o5 

; 102 



The piebald types are shown in Plate I, figs. 6 and 7. 

The effect of the piebald factor on the ripening gold type has not yet been 
noted. 

The j actor T. 

The action of this factor is very similar to that of P, since it limits the 
colouring due to G, though to a smaller extent. In homozygous dark golds it 
produces tipped gold, a type in which small green areas appear at the apex and 
base of the glumes (Plate I, fig. 8). The green areas vary somewhat in size 
and occasionally the lower one is absent, the base of the grain being entirely 
gold. In heterozygous golds, where the colour is lighter, the restriction of the 
gold colour is greater and much less regular, giving a very variable type, patchy 
gold (Plate I, fig. 9). 

The restriction of dark furrows is very irregular, the result being a con- 
siderable reduction of the pigment, which assumes a granular appearance, and 
its restriction roughly to the middle part of the grain. The type produced, 
granular dark furroivs (Plate I, fig. 10), shows very considerable variation. 
The reduction of pigment is much greater in the % type, as with the golds, 


but it is not possible actually to separate two types corresponding to tipped 
and patchy golds. 

The factor T inhibits ripening gold almost entirely, giving ripening straw 
ill which the glumes are slightly yellowish in early stages (Plate I, fig. 3), but 
ripen to ordinary straw-colour (Plate 11, fig. 3). Occasionally a few grains 
show traces of gold in very small patches and there is some indication that 
this is more common in heterozygotes of the Tt type. The golden ‘ internode 
is not affected but persists in the ripening straw type as one of its distinctive 
features. 

The results given in Part I, pp. 82-84 and Tables IV-VI, are now 
t asily explained. The original cross that gave the families of Table IV 
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was obviously of the coustitation GgTt, and the two families followed 
up were — 

No. 431 g g T\ t giving a simple 3:1 ratio of rijpening straw : ripening 
gold 9 Table V, , 

No. 432 GgT T giving a. 1 : 2 : 1 ratio of tipped gold : patchy gold : 
ripening straw, Table VI. 

Ill both cases further generations confirmed these results. 

A large amount of material arising from various crosses has now been 
examined and in all cases the above explanation of the behaviour of T is in 
strict accordance with the results. It appears, howwer, that there may be 
some other factor producing slight modifications. Thus in some groups the 
tipped golds are quite distinct, whereas in others they are not easily separable 
from some of the patchy golds. Similarly in some groups the ripening 
straws constantly show specks of gold, whereas in others this is very rare. 

Below are given the results from two crosses between pure types, and 
also the summarized results of several generations from certain natural crosses 
in which the same factors are concerned. 

Tipped gold, GGT T, x dark gold, GQtt, tipped gold in A 
simple 3 : 1 ratio of tipped gold : dark gold resulted in Fo as follows • 

Tipped gold Dark gold 
G T G t 

No. 2596 .. 599 184 

Gakulated 3 : 1 .. 587 : 196 

Dark gold, G Gtt % ripening straw, g g T T, gave patchy gold in Fj. Six 

groups appeared in Fg but patchy and tipped golds were counted together, 
as also dark and medium golds. The figures for the four main groups sepa- 
rated were as follo^vs : — 



Gold : 

Ripening 


Tipped & patchy 

Dark & mediam 

' 

Straw 

Gold 


G T 

G t 

! ■ , g ^ 

g t 

No. 2581 .. 

1,335 

455 

' 

443 ! 

170 

Calculated 9 : 3 : 3 : 1 

1,331 \ 

r 451 : 

451 

150 


Similar results were given by a natural cross of ■which the progeny have 
been followed up in some detail. The F^ appeared as a patchy gold plant in a 
family giving a simple 3 : 1 ratio of ripening stra'ws to ripening golds. This 
cross, No. 748 N, ■was obviously of the constitution G g T t, as No. 2581 above, 
since it gave the same groups in F^. 
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At that time, however, the behaviour was not iiiiderstooci and the groups 
were not properly separated j thus no nuinbers can be given for F 2 . The 
results given by plants carried forward in F:jand F 4 are summarized in 
Table IV where it will be seen that the various types are behaving according 
to expectation. 


Table IV. 

jFj ami FIj of No, 748 N, 


Parent characters 

1 ■ Xo. of 

i lots 

\ 

Tipped i Patchy 
gold gold 

Q G T ; G g T 

1 Gold 

1 

G t 

Ripening 

straw 

g T 

1 Ripening 

I gold 

I g t 

Bark gold 

i . ^ 


> 

! pure 

t 

... .. [. 

Medium gold 

14 

(-’ ■■ 0 

*• 

•• 

: 9.dll 
: 9,342 


1 

3,212 

3,181 

Ripening gold 

21 

.. 



pure 

Ripening straw (all 
slight gold patches) 

! 

. 1 





5,017 

4,970 

1,610 

1,657 

' ' '1 

Patchy gold 

Ditto 

1 

1 

13 

> (9:3:3:1) 

6,431 

6,39/ 

1 

! 2,016 
! 2J32 

2,183 

2,132 

682 

711 

-t 

(1:2:1) 

60 O 

666 

1,323 

1,331 

. . 

690 

666 


Tipped gold 

Ditto 

1 

X)ure 



*• 

•• 

5 

{3 : 1) 

2,768 

2,679 

•• 

804 

893 


.. 


Two crosses, appearing as granular da^k furrows in a pure ripening gold 
lotjgavesiinilar results to the above with the added complication of segrega- 
tion for the factor /. The F^’s were not properly separated into groups for 
counting but the same groups appeared as in Nos. 2581 and 748 N above, 
together with the eorresjjonding dark fiirrows types, viz,, granular , dark 
furrows, dark furrows, granular ripening fur rotos and ripening furrows. 

One family only, No. 1236 N, w^as followed up. The gold types, where I 
was absent, gave results similar to those of Table IV. The lots showing seg- 
regation for T are summarized in Table V. There was some difficulty in sepa- 
rating tipped and patchy golds in some of these lots, also in separating the 
lowest grades of patchy gold from some of the ripening straws showing the 
maximum amomit of gold in slight patches. 
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Table V. 

F, mid of No. 1236 N, goUlots. 


Parent characters 

No. of 
lots 

Tipped 

gold 

GGT 

Patchy 

gold 

GgT 

Gold 

Gt 

Ripening 

straw 

g T 

Ripening 

gold 

g t 

Tipped gold 

i 

3 

(3 : 1) 

2,091 

2,074 

. . 

675 

691 

:: 


Patchy gold 

24 

^ 3,123 

6,018 


3,050 



(1:2:1) 

1 3,048 

6,095 


3,048 

•• 

Ditto 

\ 

13 

4,625 

1,389 i 

1,680 

522 


i (9:3:3:!) 

4,621 

1,540 

1,540 

513 


Of dark furrows types the majority that were carried on were of the 
medium dark furrows type and some of their results have already been given 
in Tables II and III. 

Only eight granular furrows plants were carried on and these gave five 
types of segregation in E’s, as shown by Table VI. 

Table VI. 

jFg of No. 1236 N, dark furrows lots. 


Granular ripening 
furrows 


Granular dark 
furrows 


No. of 
lots 

Gra- 

nular 

dark 

fur- 

rows 

GTI 

Dark 

fur- 

rows 

Gtl 

Gra- 

nular 

ripen- 

ing 

fur- 

rows 

gTI 

Ripen- 

ing 

fur- 

rows 

gtl 

Tipped 

gold 

GGTi 

Gold 

Gti 

Ripen- 1 
ing 
straw 

gTi 



1 



629 

195 



188 

(9:3:3:1} 

•• 


607 

202 



202 

1 

632 

217 

178 

78 




{9:3:3:1) 

621 

207 

207 

69 

.. 


•• 

1 

483 

169 





• • 

(3 : 1) 

489 

163 

•• j 





4 

3,803 




1,313 


• » 

(3: 1) 

3,837 

•• 

•• 

“ 

1,279 


•• 

1 

505 

1S6 



176 

82 


(9:3:3:1) 

517 \ 

172 


. . 

172 

57 

• * 
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Several other natural crosses have been found in which tire factors T and 
/ were concerned. Some of these, granular darfc fa,rnu-fi appearing in a pure 
tipped gold type, were carried on and gave the result.s shown in Table VII. 
Some of the figures are not as near as could be desired to exjrectation but there 
is no doubt that they represent the ratios noted. 

Table VII. 


Segregation 0/ G G T t I i. 


Or.igin of parent 

j Kef. No. 

i 

!■ 

1 

; Granular 

1 dark 
i furrows 

! G G T I 

; Bark 

1 furrow’s 

j G G t I 

Tipfied 

G G T i 

Bark^ 

gold 

: G G t i 


1272 

84ti 

; 305 

2S1 

103 

Natural crosses . , . . ^ 

1275 N 

2,945 

775 

1 838 

264 


2 lots 


1,022 

! 957 

360 

No. J272 F., 

4 lots 

2,fi60 

1 sSOS 

1 824 

270 

Ho. 127o H F,, 

4 lots 

2,570 

j 793 

1 874 

234 


Total 

12,414 

; 3,703 

3,774 

1,231 


(0:3:3:1) 

11,932 


3,m 

1,325 

«o. 1272 F.. 

3 lots 

2,466 


i ; 

889 1 


No. 1275 N P., .. .. 

1 lot 

1,003 ^ 


322 ; 

•• 


Total 

3,469 ^ 


1,211 



{3 : 1) 

3,510 . 

•• 

1,1/0 : 


No. 1272 F. 

2 lot.s 

f 

3,599 1 

592 

1 


No. 1275 N Fg 

.3 lots 

1 

2,951 j 

i 

733 

•* 

- 


Total 

4,550 1 

1,325 




(.? :1) 

4,406 j 

1.469 


- 


Mottling. 

On several occasions it was noted that certain families derived from 
natol crosses splitting for some type of gold or dark furrows colouring, 
skewed . number of plants with mMia grain. At first this was put down to 
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some extraneous cause such as damage by insects or discolouration due to 
the grain coming in contact with water. It was found, however, that when 
such plants were carried forward they bred true to this character. The 
mottliilg is not seen till the grain is practically ripe ; irregular light 
coloured areas then appear scattered over the grain and give it a distinctly 
moth-eaten appearance (Plate II, fig. 6). 

The inheritance of this character has not yet been worked out from crosses 
of the pure mottled types but, from the results of two P 2 families in which 
this type was present, it appears to be simply recessive to even-colouring, in 
the two families concerned six groups occurred, viz., dark, medium and 
ripening for both gold and furrows. In all groups both even and mottled 
occurred in about the same proportion, the total figures showing a, 3 : 1 ratio 
as below ; — 



Even 

Mottled 

No. '2569 . . 

Oil 

230 

„ 2573 

m 

3J0 

Total 

.. 1,592 

560 

3:1 

.. 1,614 

; 538 


Further work on crosses between pure types is necessary to confirm these 
results but, provisionally, an even-colouring factor £ may be held responsible 
for the prevention of mottling. 

2. Shape op grain. 

One of the most striking features of cultivated rice is the enormous varia- 
tion shown by different varieties in the size and shape of the grain. There 
must be a large number of factors concerned in this variation and their 
analysis is likely to prove a matter of some difficulty. Generally speaking, 
as is very common in such cases, a cross between widely difierent types 
gives an F; somewhere intermediate and an Fo comprising a complicated 
series of overlapping types that result in a more or less continuous variation 
between widely difierent extremes. 

In two cases, however, single-factor variations have been found. One of 
these, connected with a dwarf habit, is described later. The other, with which 
the present description is concerned, is closely connected with the f actor Gthat 
has been dealt with above. 

It will be seen from Plate I that the ripening gold and ripening furrows 
types, figs. 1 and 4, are distinctly long and narrows fine, compared with the 
dark gold and dark fur roios types, figs. 2 and 5, that are shorter and broader, 
coarse. This distinction has been noted in all the varieties so far seen that 
show these colourings. In other words <? (? varieties are coarse and gg 



varieties are fine. Tlie distinction is more a matter of the relation between 
length and breadth of the grain than of absolute measuremeuts, though very 
commonly ffe* varieties are both shorter and broader than g ij varieties. 

_ Crosses between the two types give an intermediate and an F- com- 
prising three groups— coarse G G : mternyedmte G g : finegg in a i : 2: / ratio. 

I he connection was fii-st noted definitely in a family. No. 1247 N, giving 
a 3 : 1 ratio of dcwh mid medium gold : r ipening gold. Grain measurements 
were made for each plant and the averages for the two groups were as follows 


• I i 


Ao. of 
plants 

1182 

378 


Length 

Breadth 

Length 

mm. 

mm. 

Breadth 

8*45 

3130 

2*8 

S-S5 

2-75 

3-2 


Bark and mediiim gold 
Eipening gold 

In all cases, both here and in later figures, the grain measured was the 
ordinary grain of paddy that breaks of on thresliing. This comprises the rice 
grain enclosed in the inner glumes, with the receptacle and outer "lumes 
attached at the base (Plate III, figs. 1-6). It was foimd that the me'lsure- 
ment of three of the end grains from a well-developed panicle was sufficiently 
accurate for each plant and, e.vcept where otherwise stated, the figures that 
follow are based on such measurements. 

Further families from the above lot confirmed these results : pure dark 
golds were coarse, pure ripening golds were fine, and splitting lots gave three 
groups-coarse dark gold, intermediate medium gold and fine ripening void. 
The averages of several pure lots are shown in Table VIII compared with 
one of the splitting lots. The average of a number of natural crosses occurring 
as medium golds in the pure ripening gold lots, is also shown. 

Table VIII. 

Length and breadth of grain and factor G. 


Ref. No. 

Character of 
parent 

Bari 

G 

c gold 

C 

! . 

{ Mediuiii gold 

G g ■' 

Ripening gold 
g g 

L. 

1 B. 

1. . 

L. 

B. 

L. 

B. 

1794 N 

Bark gold 

8-3 

• 3*0 




: ” 

1795 N 

do. 

8-3 

I 2*9 




. . ' 

1790 N 

do. 

7-8 



. . 



1789 N 

Ripening gold 


1 



. , 


1790 N 

do. 



• « 


8*8 

2*6 

1791 N 

do. 



• • 


8*9 

2*6 

1792 N 

do. 



• * 


9*0 

2*7 

1800 N 

Medium gold 

8^ 

3*0 



8*9 

2*7 , 

Crosses 

(36 plants) 

. 


o l 

8*6 

2*9 I 

9*1 

2*7 ■ 


N.B. Mm^uremenis ure in millimetres. 
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Table X. 

Grain mmsuremmts of No. 2584, Fii , 
Bark gold x Ripening gold. 



!■ 

Length 

mm. 

1 

Number op plants I 

■ 1 

Balk 

gold 

Medium 

gold 

Ripening [ 
gold ' 

! 

'i 

8-2 

18 

2 


. . 

8*4 

43 

13 

• • ! 

i * ' 

S‘6 

32 

40 

2 1 

1 " * 

'8-8 

11 

36 

17 i 

' 1 ^ ■ 

9*0 

1 

8 

39 i 


9*2 

. . 

1 

33 

r' , 

, 1 

9*4 

. . 

. , 

8 

1 ! 

' i 

\ i < < 

0*6 


.. 

1 

1} 

Average 

,8*43 

8*63 

0*10 

1 f . I 

length 



■ 

^ 1 ' 

Breadth 




r ’ / 

mm. 




i ' -f , 

2‘1 


• « 

1 

! ; . 

2*2 


« » 

17 


2 2 



39 


2*4 


!'■ '3 

40 

i 

2-^ 


24 

3 

' 1 

If ' , 

2*6 

is 

50 

* • 

!. , 

2*7 

67 

23 

• • 

i' 

2*8 

15 

•• 

•• 

' i 1 : 

I? . ♦ ^ 

Aveiawe 

2*70 

2*59 

2*33 


breadth 





XcMBEE or BLASTS 


juengtji , 

Breadth ; 

; gold 

Medium 

gold 

Ripening 

gold 

3*0 i 22 

I 


3*2 67 

24 


3*4 .11 

62 

. . 

3*6 ' , . ■! 

11 

1 ■" 

3*8 ; 

2 

42 

4*0 


33 

4*2 


16 

4*4 

i 

2 

Average 3*14 

'' 3*34 

3*88 


Ai^erages Jor parents and Fu 



Bark gold 
l>arenfc 


Ripening 

gold 

parent 

Length 

8-30 

' 8*72 

' 8*75 

Breadth 

2-7.5 

2*60 

2*27 

LB 

j 3-00 

! 

3*36 

3*85 


It will be seen that the homozygous groups in Fj are quite distinct in 
shape ; thus, whilst there is some overlapping in length, the groups are quite 
separate as regards breadth and length ~ breadth. They do not reproduce 
very exactly the measurements of the two parents. By an oversight only 
the actual parent plants of the cross were measured. Had the average of a 
number of plants of each parental type been taken, it is possible that a closer 
approximation would have resulted. This point will probably be settled in 
futxrre generations. 

In Plate III, figs. 1-6, photographs are given of single grains from the 
two parents, Pj and the three groups of Fj of the above cross. The grains 
were selected so that each corresponds in its measurements ■ndth the average 
of the group from which it was taken. 
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A f urtliei: point of interest, and one of considerable economic importance, 
is that the weight of the grain varies with its sliafe, the coarser types being 
heavier. This has been recorded in several families of which one, No. 2584, 
for which measurements are given in, Table X, gave the following figures 


The figures for Fg represent the averages of 100 plants in each group ; for 
Fj and the parents only the single plants concerned were weighed. 

It is not possible at present to give a definite interpretation of the con- 
nection between grain shape and the factor G, That a very close connection 
exists is obvious from the results given. Coarseness may be due to a separate 
factor closely linked with G, or, on the other hand, the factor G itself may be 
the determining factor. Further work, including a search for cross-over 
types, is necessary before a definite statement can be made. 

3. A BWARP HABIT. 

Reference has already been made to a single-factor variation ingrain-shape 

that is connected wuth a dwarf heJoit. The variety that introduced this habit 
is strikingly different from ordinary varieties in many important points and 
is the only one of its kind that has been seen. It was obtained, through the 
courtesy of Mr. McKerral, Deputy Director of Agriculture, Lower Burinaj 
from the Government Agricultural Station, Hmawbi, Burma. 

The plant is shortened and thickened in all its parts and forms a very stiff 
erect clump. The leaf is coarse and rough, much broader than^^^*^^ of any 
ordinary variety and quite erect. The panicle is very compact, cigar-shaped 
and erect, due to its short stiff branches being closely pressed together. The 
grain is short and rounded. 

This dwarf variety, E. B. 304, has been grown for several seasons at 
Coimbatore and in one of its generations a natural cross appeared. This cross 
was normal in every respect and showed no trace of the dwarf characters 
described above. In Fo the whole of the dwarf characters segregated together 



EIGHT OP 100 GRAINS IN GRAMMES 


■ 1 . ■ ’ 

Dark gold | Medium gold Ripening gold 

Dark gold imrent 

2'145 ■ ,| . 

Eipeniiig gold parent . 

1 ■ ■ 1*755 , 

' F, , ■ 

2-050 .. 

,F. 

2*144 1 2-075 1-910 

i. 
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and a simjde o ' : 1 ratio of mnnal : dwarf was tho rosiilt, actual numbers 
being 1248 : 391. The dwarfs were absolutely distinct from the normals and, 
apart from a slight increase in vigour, were identical with the dwarf parent in 
all its peculiarities. The normals were entirely normal and showed no trace 
of any of the dwarf characters. Plate IV shows photograjrhs of the two types 
appearing in F:i. 

It is obvious that a single factor is concerned in s])ite of the great differ- 
ences in a number of parts of the plant. 

Certain colour characters and a glutinous rice character introduced into 
the cross showed the male parent to be a type, E. B. 303, that was growing 
alongside the dwarf variety in the season when the cross occurred. It is 
passible, therefore, in giving certain measurements for fc compare these 
with the corresponding measurements of both ]>arents. 

Table XI shows the range of variation in height of the normal and dwarf 
groups of Pj together with that of a certain mimber of plants of both parents. 
The height measurement was taken from ground level to the to]> of the heads 
gathered together in a bunch. 


Table XI 


Segregation for height in No. 26G6 N. 
Normal x Dwarf. 


Numbee op plants 


Parents 


Height in inches 


B. 303 E. B. 304 
normal dwarf 


Normal | Dwarf 


50 533 

54 429 

58 106 

62 5 . . 

Average height 50*5^ 31*2' 


The figures show the very distinct nature of the segregation, the shortest 
of the normal group being taller than the tallest dwarfs. 
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Several other laeasiirements were made, including length a.nd breadth of 
leaf and of grain. The leaf below the flag on three good tillers was measured 
and the average taken for each plant. There was no overlapping of the two 
groups as regards breadth of leaf, all the dwarfs being broader than the 
broadest normal. In length there was some overlapping but the averages for 
the dwarf and normal groups showed considerable d’fference. In grain- 
measurements there was no appreciable difierence in breadtli but a large 
difference, with no overlapping, in length. The figures below show the 
averages for the two groups, together with the parents, of the three 
measurements showing the greatest differences. ' 



. ■ i F 

2 

Parents 


Normal 

Dwarf 

Normal 

Dwarf 

Leiijc^th <»f leaf. cm. 

.. j 46*1 

34*6 

45*7 

38'4 

Bread fell 

I'U 

\ 

1*70 

MI 

1’74 

Length of mm. 

.. ! 9*77 

6*50 

9-28 

6*36 


Other crosses with the dwarf type have now been made for further veri- 
fication with exact measurements. 


4. Rice colour. 
Red rice. 




It has already been shown, Part I, p. 100, that in many cases red rice k 
simply dominant to ivkiJe giving a o : 7 ratio in Fg. 

Mention was also made, p. 103, of a family, No. 617 N, that had given a 

0 : 7 ratio of red, : white, followed by a series of varying ratios in a later genera- 
tion. No explanation of these varying ratios has yet been discovered, though 
two further generations, comprising a large number of families, have been 
grown. It appears, however, that at least two factors are concerned. Thus all 

1 ots from a family giving approximately a S : 7 ratio gave ratios ranging round 
o 1 in the next generation, whereas lots from families giving a 9 : 1 ratio 
gave a wide range of ratios varying from 9 : 3*3 to 9 : 11. Further investi- 
gation into the possible causes of such varying ratios is necessary before any 


explanation can be given. 
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Iie(l f tee. rtee itetJuK-tfa ■pifpneitkilio'fi , 

Tlie rela-tioii b(‘t\vee]i red md grep-bron'e rke was eo.n s icier ed ill Part I, 
p. 101, and later results, with their proliable exjilaiiation, were gi\'en in a 
postseri]>t. It was shewn that, iji thc^ families thm-e eeiieerned. the red rice. 
colour onl}’ develojied in plants with pmjde pigiifeikef ute . its jhu-e Innhig taken 
by (ji'ctf-hroiee in ttepitpeeitied plants. It was suggest t cl tliat tlie pignientatiOn 
factor coiiceriied was necessary, in addition to a red riet^ factor, for the 
production of red lice, and that in its ahseiiee tiie rcnl rice* factor produced 
only greydirown. The existence of iinpigmented varieties wtith red rice was 
explained on the assuniption that tlie j.ciginentatiori factor lacking in such 
varieties was different fi-oin that lacking in tlie families iindej* <*onsideration. 
This theory has nov^ been cojilirmed by the o'snlts of certain eiosses. 

It has already been shown, Vavt I, ]n 88, that the p!<*sene(‘ of two factors 
is iie€i*ssary for tin* ].)roduction <d l>urple (aiithocyan) pignaotation. These 
factors aia* denot(‘il by A and A’, the* r(‘d ricr* fa.ctor ]r\' //. iji tla* dt*scription 
that follows. 

Taking A as tlie pigim‘ntation factor eenueeted with rice colour. A R 
will be red, n R will be gretj-brawv . Thus tlie b : A : A : I ratio, made ii]» of 
A : Z, red : while, m the pigimmted group and A : /, greg-browrt : while, in the 
Iinpigmented group, as shown, hy Table XXI in the post(*ri|>t of Part I, is the 
expected result fiom a parent of tlie constitution A ti A’ A’ R r.. Hie simple 
A : I ratio of ptgntented, red : nnpignteitied. greg-browe is the result from 
AaNNRR, 

An iinpigniented, greg-hrown, a a S Ri R R, from the latter ty])e of segre- 
gation, ivas crossed with a pd/n/c/yted, ivhile variety, -.1 .1 A^ A' r r, and gave a 
pigineeied, red Fj. A a N X R r. In F. the expected 0: A: A: 1 ratio 


resulted, four families giving the following figures 



I 

1 

PlGMrXTE'D ! 

IjSPlG 

:v},:E:sTnD 


i 

i 

lied 

AXR 

Wirite i 

T ■ 

G rev- brown 

1 a" IS; R 

White 
; a N r 

Xoj 

i. 1512-1515 

, 1/785 

i 602 

• 587 

184 

9 : 

J ; I .. 

1 

1 IJ/O 

i 

592 

: '592' 

: 197 


A more interesting crosiS was between the same impigmeMed, grey- 
brovm a a R N R R, and an im2}igmenied, white of the constitution 
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ulJ >* . The latter was selected from a lamily that had given impignient- 
ed plants with red rice, thus showing that the pigmentation factor lacking 
ninst be -V. h| was plgmenled, red, as expected from the constitution 
A a N n R r, Iii F, live groups appeared as shown .below. The figures 
are not as near as could be desiind to expectation but there is no doubt 
that they rtri)i‘eseiit the ratio shown. 



1 

PlCniENTED 1 

_____ 1 

Unpigmented 



Red ' 

; White 

Red 

Gi‘ey-l)i'o\vn 

White 


A NR 

A N r 

A n R 


/A 11 \ 

[ a N I r 
\a 11 / 

No. !2 oOS 

28‘] 

1 119 

lOS 

129 

85 

2r ; 0 ; o ; ] 2 : 7 . . 


; 102 - 

: 102 

: 136 

79 


These results defiiiitely confirm the above theory regarding the nature 
of grey-brown rice and also afford additional confirmation of the existence of 
two factors necessary for tlie production of anthocyan pigmentation. 


Red' rice and golden rice. 

An accoiiiit has already been given above of the factor 1 wlrich inhibits 
gold in the internode and changes any form of gold in the glumes to a corre- 
sponding form of dark furrows. It appears that this factor also is necessary 
for the productioJi of red rice by the factor R. In the absence of 7, that is to 
say, in all ty]yc^\xMi golden glumes or mternode, the factor i? produces golden 
rice. All red^riced plants so far seen have shown some form of dark furrows 
colouring in the glumes. The same applies to the ^mrious shades of light 
reddish rice that are connuon. This colouring is only produced in dark 
fmu'ows types ; in golden types it is replaced by a yellowish or cream colour. 

At the time of ripening golden rice is very easily distinguishable from red, 
as shown in Plate V, figs. 1 and 2. After keeping for some time much of the 
yellow colour disappears and the rice becomes duller and more brown. 
At this stage, if seen casually, it might be mistaken for red though the two 
are still separable with certainty. 

Golden rice has occurred in a large number of families showing segregation 
for I in the presence of R. In all cases the red rice of the dark furrows group 
has been replaced by golden rice in the gold-glumed group. Axi example ot 
this is seen in the results from a cross heU^een dark furroivs, red rice 
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'! 


n ^ 


ripenmg gold, geUowkh nee, F{ was dark furrows, red rice and two Fq families 
iiave the followins results : — 


FfirroH'-i types 


Gulf I types 


Bed 

1 Slightly reddish 

(Sold 

: Yeliowisli 

1,214 

301 

401 

140 

13110 

• F^3 : 


; 134 


Xos. 2573 & 2500 : 
9 :S : 3 : 1 . . 


From natural crosses giving siiiiilar results to the above several families, 
raised from red-riced F 2 plants, have given a simple S : / ratitt of dark fu rrows 
red rice: gold glotnes, gold rice. 

(rolden rice and unde reloped grain. 

In all families in whieli golden rice has oeeurred tlie grain oi this type has 
been very poorly developed, ^t^ettirig ap])ears to l)e riitrmal but tln:^ rice grain 
is never jU’opeily filled out and frequent]}' shrivels sonu' titne ))t*{bre it is fully 
grown. Other types of rice oeeiUTing in the sanu* faniily art* always quite 
iLornially developed. In Plate 111 are given piiutngraph^ of a few typical 
grains of gold and red rice, from No. 2575 F^, sliowing tlie poor development 
of tile gold rice as compared with the red. 

Grain weighments have been made in this family and tlie gold rice falls 
consiclerably below other groups. Weighments were made of the iinhusked 
paddy grain as this was required for seed purposes later. The family was 
splitting for the factor G and this introduced a complication owing to 
the connection between this factor and grain shape and weight that lias 
already been noticed. For this reason average weights are given for each 
of the twelve groups appearing. For each group 40 plants, 100 grains each, 
were weighed, except where otherwise noted. The weights in grammes 
of 100 grains were as follows 


1 

Furrow, 

« t:.y pes 

Gold 

iyp(‘,s 


Red 

81. reddish < 

(4o,ld 1 

Venuwisli 


R i 

, r I i 

L 1 

R i 1 

1 ! 

r i' 

Coarse, ' GO 

2*250 

2'219 

1*095' 1 

2*193 * 

J^IediiUii, G g . , 

2*182 

2-142 i 

1*721 ^ 

, 2*113 

Fine, g'g 

1*974 

1-917 

1*556 

1-808 t 

Average 

2*135 

2*093 

1*657 

1 2*058 


* 0 plants onhf. f 13 plants only. 
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Tile falliiig-off in weiglit of all three gold rice groups, as compared with 
the others, is very obvious. No explanation of this behaviour can be offered 
at present. In both parents the grain was perfectly normally developed. 


Purple rice. 

In a few, rather uncommon, varieties the colour of the rice is very dark 
purple. There is some* variation in the depth of colour in different varieties, 
some being almost black (Plate V, fig. 3), and others rather lighter, with a 
reddish or bi’ownish tinge on one side (Plate V, fig. 4). All the varieties seen 
with purple rice have been glutinous types, mostly from Burma. There is, 
however, no genetic connection between the purple colour and glutinous 
rice. 

Purple rice is dominant to white and gives a simple 3 : 1 ratio of 2 yu r])le : 
white in The total figures for a large number of families are given 
below. The purples are somewhat in excess but the figures undoubtedly 
represent a 3 : 1 ratio. . 

Purple rice White rke 

54 faiuilies .. .. 17,850 5,557 

(Mleulafed S : 1 .. 77,555 ; 5^852 


The main purple rice character is obviously due to a single factor. It 
appears, however, that there are other factors affecting the depth of the 
purple colouring. 

TheF, of the darkest type of purple x white, though showing some 
variation, is always lighter in colour than the purple parent, especially on 
the dorsal side at the lower end of the grain, and shows a distinct brownish 
tinge (Plate V, fig. 5). In F,_, the purple group shows considerable variation, 
ranging from dark purple to a type where the purple is very considerably 
reduced and a definite brownish tinge appears. It is quite impossible to 
separate distinct groups as the variation is practically continuous. 

In F., the darkest types breed true for purple though the very dark 
colour of the purple parent is rarely reproduced, the majority being rather 
lighter and slightly brownish, resembling the lighter purple varieties 
mentioned above. The lighter types of F, purples are mostly heterozygous, 
showing the same type of segregation as occurs in F„ though some distinctly 
light types have been found to breed true. 

There is no connection between the main purple rice factor P and the 
red rice factor R since white rice arises in ¥.1 horn purple X red. F, is purple 
red since the red colour shows through where the purple is reduced (Plate V, 
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ftg. ,6). In a 12 : o : I ratio of purple : ml : while is obtained as sliown 
by the following figures - 



PnT]^k* 

Red 

Wlrite 


P R - "P r 

p R 

] :i r 

22 families 

4.r>4t» 

R215 

440 

('{ilcuhifed 12 : 3 : 1 

: 

1163 

; 333 


The purple group is a very mixed lot for the sarne variation exists as 
described for of the purple white cross and. in addition, various degrees of 
purple-red appear. Some of the latter, where the purfile is reduced to the 
greatest extent, nearly approaeli ordinary red tliougli tliev are st‘]iara1)Ie m 
well-developed grain. 

Purple plants give four types of faniily in F,, — pure purples. S : I ratios 


V’ ' 

:ir 

I !.f 

i’*l' ' , 

Ml ' 


r.n,' 


i.|l • : 

I'i: 

il: 


of purple : u2iiie, ♦? : / ratios of purple : red. and tlie same as F^ again. Some 
of the pure purples show cousiderahle reduction of tlie [nirple (Mtlouriiig, as 
noted above in the pur])]e x white lots, and in sueli eases tlie P P R R tyfie 
appears as pur]ile-red like the F^ Pp R r. 

It maybe noted here that tlie factor P falls into the same linkage groiij) 
as L, (L 8 and .1, the factors responsible for pur|)le colouring in the 
internode, glumes, stigma and axil, as descrilietl in Part I, |)p. 91-97. 
Several other factors have also been found to fall into the same group and 
their relations will form the subject of a futma^ pa|>er. 

Purple and brown rice. 

Just as the pigmentation factor A is necessary in the production of red 
rice so also it is necessary in the production of piirjile rice. In its absence the 
factor P produces brown rice (Plate V. iig. 7). corresponding to the grey-brown 
rice of the factor R (fig. 8), 

This behaviour has not been worked out in di^tail, as in the ease of grey- 
brown rice, but is sufficiently evident from tlie I'esults of a natural cross that 
proved to be of the constitution P p R r A a N n, F^ gave a 9 : T ratio of 
pigmented : unpigmented. The former group eonqirised purple, red and white 
and the same three types, together with brown and greg-hmmr occurred in the 
unpigmeiited group. 

Accurate counts were not made as there was some clifliculty in separating 
the rice groups with certainty. The same difficulty was experienced in the 
more complicated families in Fg. The degree of ripeness affects the rice colour 
eoiivsiderably; also, apparently, the rapidity with which maturation takes place 
lias some effect on the degree of development of the colour. For this reason 













PARXELL. AYYAXGAR, RAMIAB, AND AYYANGAR 


2G7 


i 

I 

1 


it is a matter of some difficulty to obtain reliable figures where a number of 
dilhoioii types, of lice colour are concerned. 

^^ixl y F., families were raised from various types of plants* of the above 
cross a.nd the j’esiilts were in complete agreement with expectation so far as 
tlie types of .s(\gregation were concerned. The tables that follow show the 
types of segregation obtained from all the F^ plants possessing the factor P 
that were carried on as parents. 

Ill Table XII, which comprises the pigmented, purple rice parents, the 
types appearing in the. different families are shown by a -f sign under the 
respective headings. 

Table XIL 

Pigmented, purple rice parents. 

! ' j ' i 

; I Pigmented i Unfigmented 

Const it 111 ii)H 


P |) R V A a X 11 
P ]) K It A a N 11 
P p r r A ii N n 
P P . . A a K n 


PpR r A aX X 
P ] ) V r A X X 
P p B. r A A N n 
P p B, E A A X 11 
P P . A A X 11 


P p B r A A X X 
P P . . A A N X 

In Table XIII families from unpigmented parents, both purple and 

brown rice, are shown in the same way. 

* Selecte d to cover the rangtM3^^ variation hut with no reference to their proportion 


Xo. of i 


! 

1 






lots : 

Purple 

Red 1 

White 

Purple 

Brown j 

Bed 

Grey- 

brown 

White 


P A X 

p B A X’ 

p r A X 

P A n 

P a I p B A n 

p B a 

P J* 

j 


9 ; 


i 

j / 



1 

7 

d' 

■b 1 

+ 

H- 

4- ! 

i 

4- 

4' 

4- 

*> 

-r 

"h ; 


4" 

+ 

4* 

+ 


2 

T* 


4- 

4- 

“b. 



4- 

4 

-U 

3 


+ 

, + ' 

1 



3 

1 “h 1 

“T 

4- 


.. 4-' 
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2 
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4" 
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j 

4* 

1 

i + 

+ 

4- 

4- 


4- 


' -f 

2 
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4- ■ 


4- 
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I 

+ 

Pure 


4* 

1 
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Table XHI. 

Unpigineutcd ptu'etPu. 


Parent* 

Constifentlon 

rNnrftMKNTEO 

No. of j '''“‘p''' : ® 
jPA„ 

OTWII 

P .a 

Bed 

P B A M 

Grey- | White 
brown ■ 1 
p B a ■ ! p r 

1 

Purple 

P P . . A A n 


si + : 



j 

Do. 

P P . . A a 11 

n 

2 



I 

Do. 

P p B R A A n 

n 

1 : 


4 

i 

Do. 

P p R R A a ti 

n 

o 1 ■ 

1 

. .,1. 

4. 

-i i 

Do. 

P p R r A a n 

n 

1 

2 ? 

4 .. 1 


-i... ! 

Brown 

I:* p R r a a . 


' ' : 

j 

I 

+ 1 + 

Do. ' » , i 

P p I? R !1 a . 


.1 

...L j 



Do, . . 1 

{ 

P P . . n .a . 

• 1 

1 

1 

!, 

1 


The purple rice character does not appear to ite alYected hv the factor I 
as is the red rice character. Thus in one F, family segregating for / in the 
presence of P the plants with golden glumes showed the same purple rioe 
colour as appeared in plants with dark furrows. 

Coimbatore : 

IQth July, 1921. 
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During the month of November 1920, the writer’s attention was first 
called to this disease at Modekurru in Godavari District, The village was 
visited and the crop examined. It was reported that the two previous crops 
had suffered considerable loss. It was difficult to estimate at that time how 
serious the disease might prove to be. In a letter one of the garden owners 
stated that more than 76 per cent, of the plants were found affected by the 
disease. 

In this village and other villages in the neighbourhood ginger occupies 
an important place in cultivation. In almost all high level lands, every ryot 
grow's it in small plots. It is sometimes irrigated from wells. The land is 
well prepared and manuring by sheep-penning is common. The rhizomes are 
planted in June and sometimes in the first week of July and the crop is ready 
for harvest from January to March. The plants occupy the ridges and are 
5 to 6 inches apart in lines 1 to T| feet apart. When full grown the crop 
presents a very luxuriant appearance. It is always grown pure. In its early 
stages it is protected by shade. The crop under shade always looks better and 
the rhizomes are reported to grow bigger. Sometimes ginger is found culti- 
vated in the midst of coconuts. In good garden lands it is raised year after 
year without any rotation. In this case the only preliminary treatment the 
land receives is crow-barring in February and subsequent levelling in June. 
Often the seeds are planted close, the cropis thick and there is little penetration 
of light and air-conditions which favour disease when bad weather supervenes. 
In this district the average yield from a ten-cent plot is 4 futties or 
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2,000 lb. green ginger. The price varies from Baa 1-8 to B.:S. 5 per 25 lb. 
The crop is .thus very profitable and any disease involves much loss to, the, 
cultivator. 

During the year 1920, the rainfall in August and Septeniber was very 
heavy, much heavier than in normal years. The disease made, its appearance 
in August and gradually spread and grew in \driilence. High humidity seemed 
to help the spread and progress of the disease. A few yards away from this 
plot there were larger areas mxder turmeric, which showed a severe form of 
leaf-spot disease caused by the fimgus Fernweidatm Cmciinm. Leaves and 
leaf-sheaths were so badly attacked that they got dried up, with the result 
that few rhizomes were formed. A few ryots attributed the disease to the 
manure used. A few others blamed the north winds blowing at that time. From 
fuller enquiries, it was clear that the disease appeared in August and gradiialiy 
spread from iiortli to scnitli, the direction in wliicli the \\ind was blowing. 
The disease made very rapid progress during the period of continued wet 
weather. A change of weather condition arrested the progress of the disease 
and many plants appear to have recovered. 

Description of the disease. 

Leaves were the first to show disease symptoms. Light yellow spots 
both on the upper and lower surfaces were a sure sign. These were at first 
small, round and oval, 2-3 mm. in diameter (Plate I, fig. 1). They gradually 
increased in size. Later, some of them coalesced together to form large 
discoloured patches, and tiny black dots appeared in the centre. The 
tissues in the centre dried lip and holes w^ere formed. If the open leaf gets 
the disease, it rots and dries up (Plate I, figs, 2 & 3). The leaf-sheath and the 
scaly portion of the rhizomes do not escaj)e it. In the final stages, minute 
dark dots appear in irregular concentric rings in the diseased region (Plate II, 
fig. 1). These dots consist of a stroma, with large clusters of hypha^ and 
masses of spores and seta. The seta can be seen with the help of a hand- 
lens (Plate 11, fig. 2). When the central shoots are affected the entire surface 
is studded with these spots (Plate I, figs. 2 & 3). These show the fructifica- 
tion of the fungus. Wlien several spots appear on the edges of the leaf, the 
edges roll up (Plate I, fig. 1). When the leaf-tip is affected it bends and 
droops down. The intensity of the disease is seen in the petioles and the 
scaly leaf on the rhizomes being affected. In a few instances, the lower leaves 
of plants show the disease while the top leaves look healthy. In certain cases 
the central shoot is affected and the tower leaf is free. Thus, the crop exhibits 
various symptoms pointing to the conclusion that these are cases of local 
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iafecfcioQ—iiifectioii from plant to plant favoured by conditions of moisture 
and citiiiospfie.re, that is, rainy weather followed by wind and moist inuggy 
weatlier. The disease appears in August and seems epidemic in years of 
heavy rainfall. Continued rain with spells of dry weather is congenial for its 
development. The rains wash down the fungus spores to lower portions of 
the plant; aM'lhe wind carries the spores from leaf to leaf and from plant to 
pliiul. I he cultivator produces conditions iavourable to the disease by Lis 
t! iek })lanting wliich tends to make plants touch each other, not admitting 
light and air which are essential for healthy vigorous growth. 


Effects of the disease. 

The disease a ppears on the leaves. This is the part where the plants 
manufacture food. The disease makes its appearance in the growing period of 
the crop and at a time when the rMzoines begin to develop. As -the fungus 
attacks directly the place where plant food is manufactured, the plants get 
stunted and the rhizoines do not develop. Under healthy conditions the 
crop stands in the ground from July to March but when the disease comes on, 
the crop has often to be lifted early before the plants begin to die. 


Description of the fungus. 

The sporodochia appear in pale yellow spots varying in size. They are 
aggregated together in dense clusters, circular to oval in outline, black in 
colour, 50-140 ft in diameter (Plate I, fig. 1) ; setae numerous, erect, dark brown, 
septate, 85-168 /x long (Plate II, figs, 2 & 3) ; spores, siibfusoid, curved with a 
blunt point, hyaline, minutely guttulate, 17*5-24 /x X 3*15-4*2 /a (Plate II, 
fig. 4). On leaves, petioles and scale-like leaves on the rhizomes of ginger in 
Amalapur Taluk, Godavari District. 

The liyphse are hyaline and septate. They vary in diameter from 2 to 8/x. 
In old culture the hyphjB become light brown. The spore clusters are formed 
partially submerged under the epidermis but on breaking the epidermis come 
out to the surface, and take on the character of Golletotnchum^ the setse appear- 
ing to spring from the layer of sporophore (Plate II, fig. 3). The spores 
germinate in 4-6 hours, putting forth a germ-tube, and produce chlamydospores 
in 18 hours. These are formed at the end of germ-tubes (Plate II, fig. 5, a, 
b, c, d). Some spores form chlamydospores without the intervention of the 
germ-tube. The chlamydospores are sometimes divided into cells each having 
a germ-pore. These are either round or ovate or irregularly lobed and are 
generally dark-olive. When the spores begin to germinate they produce 
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septum in the centre. Sometimes the top-cell of a seta produces a liyaliiie 
hypha which bears a cluster of spores at its end. 

A comparative stu&n of di^erent ehamckrs of Vermiciilaria on ginger, 
tarmeric and chillies. 


Crop 

Spore pustules 

Setie 

Spores 

Ginger .. ] 

j 

50 to 140 fjL dia. | 

1 

87*5 to 168 ^ 

17-24 X i-l ti 

CMUics 

70 to 120 pt. „ 

1 70 to 145 jtt ^ 

1 

GO 

X 

1 

Turmeric 

35 to 160 ^ „ 

1 

06 to 102 ix 

19-27 X 3-5 n 


■ It can be seen from the above tabular statement that there is a good deal 
of similarity among the ginger, chillies and tiimieric Vernmidaria in point of 
spore measurements. But in the measurement of spore pustules and in the 
formation of chlamydospores there is difterence. Observing the morphological 
similarity of the spores of ginger Vermicularia to Vermicuhrm on chillies and 
turmeric upon which the author is now workings several cross-inoculations 
were carried out, but with negative results. Hence the name Vcrmiculana 
Zingiberecc nov. sp. is suggested. 

Isolation of the fungus in eultnre. 

The fiuigus was brought into culture. The materials for getting this 
into culture were taken directly from the diseased portion of the plants. Bits 
of leaves showing spore formation w'ere cut out with a pair of sterile scissors 
and put in melted agar tubes and transferred by the ordinary poured plate 
method to Petri dishes. The following day the platings were examined and 
single germinating spores were picked out by sterile platinum scoop and 
transferred to French bean and oat agar tubes. It was found that, for growth 
and sporulation, French bean agar furnished an excellent medium. Conse- 
quently, this was used for cultural work. The fungus grew very vigorously in 
French bean and oat juice agar. In 4 or 6 days dark-coloured pycnidia w^ere 
formed on the surface of the agar slopes. Small, light rose-coloured droplets 
of thick glistening sticky fluid were seen on the surface. This was found to 
consist of a mass of spores. 




[nils showing effects of iiiociil 
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Inoculations. 

Ginger plants for this experiment were raised from rhizomes obtained 
from a disease-free locality in Malabar, dipped in 2 per cent, formalin 
Schering's formalin diluted) dor half an hour and then washed with distilled 
water. The pots used for growing the plants were new and were immersed 
in a 0“1 per ecjii . solution of corrosive sublimate and dried. The soil that was 
piit .ia the |)ot was sterilized by heating over a fire in tin pans. Before inocu- 
lation, leaves of the plants were moistened with distilled water and spores were 
placed on the surface. All the plants were kept under bell-jars on platforms, 
and \Yere sprayed 'with distilled water now and then. The plants were always 
in a moist atmosphere. Nine plants were used for the experiment. Six "were 
inoculated and three w-ere kept as control, and the same treatment was given 
to all. At the end of four days, discoloured spots appeared on the inoculated 
portion. The spots varied in size from tiny flecks to 3 mm. in diameter. 
Later on, the leaves began to lose colour and gradually rotting set in. Hate III 
shows the results of inoculation. The leaves had become rotten and dried up 
and pustules of the fungus appeared in large numbers. The controls remained 
healthy. Photographs were taken 27 days after inoculation. A glance at 
these will vsliow clearly the efiect of the inoculation (Plate IV, fig. 1). Every 
inoculation w^as successful and in no case did any control show any disease 
(Plate IV, fig. 2). These data go to establish the parasitism of the fungus 
beyond any doubt. Infection appears to take place through the stomata 
and other openings in the epidermis. Pustules are of rare occurrence upon 
leaves wiiile still attached to the plants. The general development of pustules 
takes place upon the dead and decaying leaves and is very common in diseased 
fields. Inoculations conducted under drier conditions gave only negative 
results. The following table shows the details of the inoculations. 
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Verimiciilaria (moist mfidiimisl 


45 days after in- 
oculation 


)riginal plant 
dead and fallen 
down. Suckers 
getting infected 
with the disease. 


Healthy 

Died on account 
of insect bite. 
Healthy 


with distilled water now and then 


No infection 


No infection 


Healthy 


Healthy 


was not so humid 


inside the glass cases 


sprayed with distilled' water thrice a 


No change 

Plant healthy 

No change 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do# 

do. 

do. 

do. 

do. 

do. 

Healthy 

Healthy 

Healthy 

do. 

do. 

do- 

do 

do. 

do# 

rriT.« fl.+.mAa-n'hfi-re 


■ f 

iO days after in- | 
oc Illation | 

i 

15 da 5 ^s after in- 
oculation 

20 days after in- 
oculation 

30 days after in- 
oculation 

Tiny' ■ black dots ^ 
" here and there on 

Dark pyenidia deve- 1 
loping. I 

Fully developed 
pyenidia. 

Pustules fully de- ! 
veloped with j 

setse. Leaves i 

the leaves. 



beginning to rot. 
Suckers coming 




up. 

No change 

do 

Pyenidia develop- 

do. 

do. 

do. 

do. 

do. 

Tiny black dots 


do. 

One sucker. 

do. 


on the leaves. 



a. 

No change. 

Tiny black pyenidia. 

1 do. 

do. 

do. 

1 do. 

do. 

Healthy 

do. 

Healthy 

do. 

! Healthy 

1 do. 

Healthy 

do. 

do. 

j ^ 

j do# 

do# 

XT mniat, fl.tmos'nhere. 
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Spraying experiments to determine the effleacf of spraying with 

Bordeaux mixture. 

In ModekurriR Amalapur Taluk, where the ginger crop was afi'ected by 
this disease, a plot of 10 cents was selected for trying the eilicacv of spraying 
with Bordeaux mixture (5-5-50 strength) in cheeking ^ The first, 

spraying was given when the disease was fairly distrihiited 
the second after an interval of six weeks. Before spraying, an r> * h 
affected leaves and shoots were cut out and burnt. The following statemeui” 
shows the yield and other details of the sprayed plot ; — 


Te IS a gam m moiiev 


acre, 


Local practice for cheeking the disease. 

In certain plantations of this locality the usual practice to control this 
disease is to sprinkle quicklime on the affected plants. Enquiries show that 
this dusting with quicklime is imperfect and only partially prevents its spread. 


Summary. 

1. The leaf disease of ginger (Zingiber offleinaI:e} : 
of the genus Vermicularm and has been reported 
CJodavari District. 

2. The disease show-s itself to begin with as small 
on, the w’liole leaf turns yellow and rots, resulting in 
of rhizomes causing considerable loss to the ginger g 

3. This disease makes rapid progress during a | 
weather and high humidity. A change into drier 
progress of the disease and many plants recover, Th' 
tions in the laboratory coniGirra this field observation. 



No. of 

Yi 

IvLD 


Area of sprayed plot 

sprayings j 
given 

. ■ j 

During the 
year spiuycd j 

Drtivious 

year 

Re MASKS 

, 10 cents.' 

2 at an in- i 
terval of 6 ' 
weeks. 

1 m. ' 
i '1 

i 

! 

1 

' ji,i. 

1 

On aeiuunl of spray- 
ing there is a clear 
guiii of AJ maunds 
oVi?r tiicj jireviotis 
year. 
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4 The parasitism of this Vermicidaria is definitely proved by repeated 
inoculations. IJiicler moist conditions, inside bell-jars, the plants took the 
infection and showed disease symptoms in 15 days. But imder drier con- 
ditions the fungus failed to infect the plants. The results of the inoculations 
confirm the fidil. thfiervation that the fungus made rapid progress during 
contiiiue# -.t and high humidity. , 

I S^^Tmcdana on ginger inoculated on chillies and turmeric failed 
:uee any infection. 

b. The name Venmchdana Zmgiherew nov. sp. is suggested, owing to 
the diiiereiice in the measurements of sporodocMa between Yermicularia on 
ginger, turmeric and chillies, (6) the character of the clilamydospores and (c) 
the negative results in the cross-inoculations on chillies and turmeric. 

My thanks are due to my assistants Messrs. C. Krishnan Nair and 
0. S. Gopalaswami Rao for their ready help. 

As this paper was completed, a V ermicularia noticed on Knol-Eiol 
{BmBHca deracea var. bolryiis) and cabbage {Brassica oleracea var. ca^ntata) 
in the Botanic Garden, Coimbatore. This fungus is imder study. 

A comparative study of the VermiGularias on several hosts will form the 
subject of a separate paper. 






EELMINTHOSFOBIVM SPP. ON CEREALS AND 
SUGARCANE IN INDIA, 

PART 1. 


(DISEASES OF ZEA MAYS AND SOEGHVM 7ULGARE 
CAUSED BY SPECIES OF HELMINTHOSPORIVM.) 

BY 

M. MITEA, M.Sc., 

First Assistant to the Imperial Mycologist, 

[Received for ptiblicafcion on 2nd June, 1922.] 

1. Introduction. 

Many siK‘eies of tlie genus Helminthosporium are common parasites on 
Yarioiis members of the Gmminem, and some species cause considerable damage 
to crops, e.g.y stripe disease of barley ’’ and blight of maize ’’ are well Imown 
in America and Europe. Saccardo in his Sylloge Fiingorum ” has recorded 
about 30 species on various and there are a few other species which 

have been recorded since the piiblica-tion of the last volume. In India, most 
of the important crops such as wheat, oats, barley, maize, great millet (joum), 
rice, .Eleusme, Pamcum Jnmientaceim and sugarcane are commonly attacked 
by species of Hehniniliosporkim, and damage in some cases is considerable. 
They generally attack the leaves and ears and form light yellowish brown 
spots which in most cases coalesce and destroy the leaves. 

The object of this study was to determine the range of the host plants 
of species parasitic on cereals and sugarcane and to ascertain whether (a) 
morphoiogically similar forms from different hosts vary in range of host, and 
(6) whetheiv morphologically u^ forms have the same host range. An 
attempt was also made to secure the perfect stage by cultivating the species 
on various kmdsof media. 

The following species on cultiv^^ cereals and sugarcane have been 
recorded from India^ * M, Avenw Br. and Cav. (oats), H, gramina/M Eabh. 
and H, teres Saco, (barley), H, imcicum Pass, (maize and great millet), 

" Butler, E. J, ‘‘ Fungi and Disease in Plant,” 1918. 
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md/tiosum B. aiid'C. (Eleusim comeana -eikI E. {Mgfptmm), IL' Smchmi Biitl. 
(sugarcane)/ Beside, these, H. Oryzw Miyabe aial Hori' (rice),.. Jkigelloideumi 
Atk. (P(mimmi) mi a species on wlieat have been .collected, from 
places. The species on wheat has been broiiglit into culture from diseased, 
wheat plants obtained from Burma, Nagpur, Poona and Piisa, aiul all cultures 
fToxii these four places show a good deal of variation in cultural characters and 
in the measurement of spores. They all give positive results when inoculated 
on wheat and behave alike when inoculated on other hosts. Wheat Helmf/i- 
ihospofiimi vfmm m culture on the same media, and when compared with 
H. teres Sacc. found on barley, appears to be a variety of this species. Helmm- 
ihosjmrmm lias been also observed on some wild grasses such as ..Ognodon, 
Andmpogon, Pmiimm and Eleusine indica, A detailed account of all tliese 
will be published later on. 

The present paper deals with the species on Zea Mugs and Sorghum tnlgare 
(jowar) and gives an aeeoimt of the growth in culture on diilerent media 
and results of cross-inoculation experiinenf s on other important cereals and 
sugarcane. A brief summary of this has been publislied in the Scientific 
Reports of the Agricultural Research Institute, Pusa ^,2. 


2. Helminthosporium on Zea Mays. (H. tnrcicam Pass.) 

HelmintJmpormm tmcioum Pass, is an important fimgus parasite of 
maize in Bihar and also occurs in, other parts of India wherever this crop exists, 
except ill some dry places such as the Punjab; but the damage done is not 
great. It attacks the leaf to a great extent and also, in a less degree, the male 
inflorescence. In severe attacks both the size and out-turn of grain are 
smaller. In the early crop, ?.e., before the rains, the disease is very 
rare. In the late crop, the disease is fairly prevalent and nearly every 
plant is attacked to some extent. The lower leaves of old plants and 
those of young plants are easily attacked and the disease is found 
abundantly on them, particularly during heavy rains. In some parts of 
the world a fungus known by the name of H, imompimmi C. and 
E. occurs on maize, but as the description agrees nearly with present 
species, it is probably identical with E, tufcicum Pass. Other antliors 
(Massee,^ Smith, ^ Comes^ and Pammel®) consider that these two species are 


the same fungus. 


^ Scientific Bejports of the Agricultural Besearch Institute^ Pma^ 1919-20, pp. 62-64. 
® Annual Be^ort, Board of Scientific Advice for India, 1919-20, p. 31. 


® Massee. G. Diseases of Cultivated Plants and Trees,” lOiO, p. 48. 

* Chester and Smith. “Notes on Fungus Diseases in Delaware.” Delaware Ex ft Stat. 
BiAl 63. 

® Comes. “ Crittogamia Agraria,” 1891, p. 409. 

Pammel, King and Bakke. “ Two Bariev Blights.” Bull Iowa Coll Stat. 116, 1910, 
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History bjstribution. 

^.riu‘ (li.stnist‘ wa.8 first described in 1876 in Parma by Professor Passerini 
n.s «>cciirrin,U on leaves of maize. Since then it has been found in tlie north 
of Italjd aiul lias l)eeu recorded in South Europe, France, Eussia, England, 
the Uiut(^<l Sta,l-es of America, Japan, China., ^ the Philippine Hands, New 
Soutli Wales, Queensland, and India (Biliar, Dharwar, Almora and other 
])arts of tlie United Provinces, Bengal and Burma'. 

In tlie United States of America it was noticed as ea.rly as 1889. In 
Southern France it was observed in 1903, in India (Biliar) in 1907, in South 
Africa in 1912, in Australia in 1915 and in the Philippine Islands in 1919. 
Most writers liave merely recorded the disease and have, made no attempt to 
jirove the parasitism of the fmigus. 

Serious damages have been recorded from various countries, viz., South 
Africa^, the Philippine Islands'^,^^’ and Italy'. Eobinson'* recorded it from 
the Pliilippine Islands and Otto EeinkingV"’ described it (1919) as a conimon 
and at times very destriuaive disease in Philippine Ivslands. He says that the 
<lisease is more severe on newly introduced corns wliich are not acclimatized 
and are in a weakoiUKl condition and that native corn is not severely attacked. 
He found a Wack nioukl on the male inflorescence also \vliicli Saccardo has 
determined as //. curvaLmn but which resembles E. tnfcicum very closely. 

It has been described as a serious and destructive disease in Delaware by 
CIie.sfcer and Smith^ (1903) and by Ducomet'' (1903) in Southern Prance. 
Anou^^ (1915) reports it to have caused severe loss in New South Wales in 
localities with heavy rainfall and hot steamy weather. 

It is a diflScult disease to check and no proper treatment is yet known. 
Smith believes that spores may be able to live after passing through the alimen- 
tary ca,nal and so manure from an animal excreta may prove a source of 
infection. Anon recommends rotation and use of more leguminous plants. 

^ Loverdo, J. Maladies Dos Cereales, ’ p. 279, 1892. 

^Otto Keiuking. Diseases of the Economic Plants in Southern China. ' The 
Philippine Agriculturist, 1919, vol. VIII, no. 4. 

Pole Evans. Keport of Plant Pathologist and Mycologist in Ann. Rep. S. Afr. Dept- 

of A g'n., 1912-13. 

^ Otto Keinking. Philippine Economic Plant Diseases.” The Phlippine Journal of 
Science, A., vol. XIIT, no. 5, 1918, p. 251. 

" Otto Reinking. ‘‘ Philippine Plant Diseases,” Phytopathology, vol. IX, no. 3,^1919, p. 1 0. 

« Rohiiison. “ Com Leaf Blight in the Philippines.” PMl Agri. Rev., IV, p. 350. 

^ Loverdo, J. he. cU. 

Chester and Smith. “Notes on Fungus Diseases in Delaware ’ Delaware Ex-pt. btat. 

IhiU. on. 63. ^ -IT o - 

*> Ducomet, V. “ The Browning of Maize in France,” Jour. Agri. Prat, A. Ser., o (1903), 

no. 16, i>p. 507-511. (Only abstract seen in Ezpt. St. Ree. of U. S A.) 

Anon. “ Bli^bt in Maize.” Agri. Gaz. N. S. Fqfe. 26 (19161, no. 5, p. 33§. 
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The symptoms of the disease. 

The coiBBion terms applied to this disease «are ‘‘blight of make,” ‘‘blight 
of com and “ leaf spots/’ Ducomet^ has suggested the name of “bralure” 
for the disease on account of the peculiar browning burnt condition of the 
leaves. Maize blight, however, seems to be the most fitting term for the 
disease. 

The disease makes its appearance, when the plant is quite young, in the 
form of small yellowish spots which rapidly increase in size and take on a pale 
brown colour. In the beginning, the infected area on the leaf is minute, 
roundish, and pale brown, and gradually increases in size becoming somewhat 
oval, the long axis of the spots being parallel to the vein. They may coalesce 
covering a large surface of the leaf. These spots, the breadth of which is often 
limited by leaf veins, later on, become somewhat translucent and to the naked 
eye appear like a greyish green mould on account of the coiiidia and conidio- 
phores. Conidiophores and conidia are found all over the spot on both sides 
of the leaf but in a greater number in the central atrophied portion of the 
diseased area. The spots, later on, become dry and brittle and the yoimg 
leaves are easily killed (Plate I, fig. 1). 

In the male inflorescence the disease assumes a blackish mould-like 
appearance on the surface of the glumes of male spikelets. The attack is not 
extensive and scattered spikelets here and there are infected (Plate I, fig. 2). 
The m 3 melium ramifies within the tissues of the palem and the stamens. 

Etiology of the disease. 

The constant association of the fungus with the disease leaves little doubt 
that jff. imeicum is the cause of maize blight. Healthy plants, when inoculated, 
develop the disease and produce typical spores wMcli resemble those from the 
field. 

Leaves of maize were inoculated several times with pure culture obtained 
from diseased maize leaves, and it was found that the fungus had penetrated 
the tissues and formed spots as in nature. In some cases the infection too^k 
place within 24 hours. The plants inoculated and the controls ‘wene. kept 
covered either with bell-jars or in moist glass chambers. It was observed that 
infection was rapid and vigorous on young plants and on lower leaves of 
mature plants. Inoculations were also made on the male inflorescence and 
it was noticed that all spikelets inoculated had been infected and infection had 
spread also on the neighbouring spikelets. 

^Ducomet, V. “ The Browning of Maize in France. ” Jour, Agri. Prat N: Ser., 5 (1903), 
40 , 16, pp. 607 "*1. Only ahstrach seem in (JSsspl St, Met, of U. S. A.) 
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A strain from the male iiifloiescence of maize was also isolated and inocula- 
tions were done on the leaves and spikelets of male inflorescences. All were 
infected and produced the disease as in fields. In this case all inflorescences 
inoculated were either enclosed in glass chimney or the plants were kept in 
moist chambers. Controls Avere kept on all occasions and remained healthy. 

Seedlings of maize were inoculated with a pure culture from leaves. The 
inoculation was done on the roots, grains and on the sheath and near the tijx 
of the growing seedlings ; within two days, in most cases, the sheath became 
yellovisli I>rown and mycelium Avas found inside it. Later on, on examination, 
it was found that the mj^celiiim had penetrated roots, pericarp and testa, and 
in some cases the aleurone layers of grains and also hypocotyl, etc. Most 
of the seedlings died on account of the disease but those which rema-ined alive 
showed no growth of fungus in their tissue after some time. Tliis shows that 
the fungus is capable of Idlling and destroying germinating grains and young 
seedlings but the infection is localized and does not keep pace with the growtli 
of the host as in smut. Details of inoculations are given in the folio A\ing 
table ; — 

Tabib I 

Stmmmy oj the iKceiilaiiom on maize with K, tiiroicum Pass, 






i 

No. of 

L 

! 

No. 

Bate 

Strain used 

Place iiiueulated 

j No. of 

1 inocula- 
tions 

success- 

ful 

inocula- 

No. of 
control 

Seoted 




i 

i 

tions 


1 

1 

1 

19-7-18 

Maize leaf 

Both sides of leaves 

12 

12 

2 

Five leaves were 






wounded and 

seven unwounded. 



2 

30^7«18 

Do. 

Do. 

15 

15 

1 

. . Leaves unwounded. 


5-8-18 

Bo. 

Do. 

! 9 

9 

1 

. . Do. 


8-8-18 

Do. 

Do. 

4 

4 

1 

Do. 

3 

28-8-19 

Do. 

Do. 

\ 10 

10 

1 

Do. 

4 

5-10-19 

Maize male 

Do. 

9 

9 

1 

Do. 



inflorescence 





Do. 

5 

i 17-10-19 

Do. 

i Male inflorescence 

13 

13 

1 


19-10-19 

• Do. 

1 Do. 

15 

16 

1 

Do. 

6 ■ 

19-10-19 

Bfaize leaves 

Do. 

15 

15 

1 

Do. 

7 

28-10-19 

Male inflo- 

' Do. 

40 

so 

1 

Do. 



rescence 




1 

Do. 

8 

10-6-20 

Leaf 

Leaves' 

6 

5 


■ ; 7-8-20 

1 ■ ",Do.'' 

Do. 

11 

5 

1 



10-12-20 

Do. ,, , ■ 

Do. 

11 

10 

1 



4-8-19 

Do. 

Seedlings 

22 

22 

30 

- 




Total 

192 

174 

24 

91% 

i 
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The above expeiimenta furuish pioof of the pathogeaic iiatiixe of /J. 
iurcieum: on maize- leaves and inflorescence and show that the fungus on leaves 
and on the male inflorescence of tassel is identical. 


Morphology op the parasite. 

Mycelium. The mycelium of the parasite ramifies in the tissues of the 
leaf and thus destroys the assimilatory apparatus of the plant, weakening 
me plant so that its growth is checked. The spots in which the myceliiini 
spreads later on become dry and brittle. The niyeeliiim consists of Jiranehed 
septate hyyili^B, the cells of which sometimes become irregularly swollen. It is 
both intra- and inter-celliilar. Inside the matrix the mycelium is subliyaline 
but wliere conidiopliores arise it is light to olive brown colour. 

In culture a light gre 3 U.sli green colour appeaifs wliicli increascss gradually, 
becoming darker. In old cultures tlie cells swell iij), tin? cell wall becoming 
somewliat tliick ami thus give rise to tliick-walled cells restcmbliiig clilamy- 
dospores. Spore formation takes place in cultures 6 or 7 da-ys old. (V)nidio'- 
phores liear coriulia at the ajiex. Soriicdiiiies eoidtlia ar(‘ formed, witli such 
rapidity tluvt at the tip of eonidiopliore 3 cr- 4 are seen. Tlies<? at first sight 
appcuir to be/bonie in cluster, but when observed careful!}' it is found tliat only 
the youngest is at the tip while tire rest are just belo w in aero petal succession. 
Later on, as the conidiopliores elongate, tlie distance Ixdweon the sjiores 
increases and they become more and more lateral. The eonidiopliore becomes 
bent in several places where coniclia are attached, but when spores are formed 
vigorously one after the other no such bending is noticed. Sometimes in 
culture no spore formation takes place, this is especially the ( ase when the 
fungus has been cultivated for a very long time in one kind of medium, but 
when the inedium is changed, spores are formed again, Xlnvvater culture or 
on the culture kept in a drop of water 4n a moist cdiamber abimclarit spore 
formation takes place. This method was employed to induce tlie fungus to 
form spores when it was sterile in culture tubes. 

The fimgiis loses its parasitic nature if cultivated ftn n long time in cult ure ; 
for instance, a fresh culture which was able to infect leaves vigorously was kept 
in culture for nearly a year, it was then used for inoculation but no infection 
took place. Fiesli cultures which were exactly like the cultures of last year 
were again taken from the field and when inoculated gave successful resu^^^ 
Oonidiophores are simple, septate and erect. They arise in clusters on either 
side of the leaf, are sometimes slightly bent above and are light brown in colour. 
They are 115 to 150 by 6 to 8*7/x in diameter and come out either througli 
stomata or by directly piercing the epidermis (Plate 11, figs. 18-21). 




M. MITRA 


arc fasifonu or spindle-shaped, pointed, a little curved, light 
grei^nish hrawn, 4 7 se[)tate aii<l 75 to 125 by 18 to 24/x in diameter (Plate 11, 
lig<. d-'17). 11 H* breadth varies in difierent localities; for instance, spores 

from Ainiora specimens were up to 26*6ft in breadth while those from Pusa 
wcri‘ 11 ]) to 24^ only. (Almora 72 to 117*8 by 19 to 26*6(a, Malda (Bengal) 
35 to 131) l>y 17 to Mp., Spores from Burma and Dharwar specimens are like 
tlmse from Almora.) 

Tliore is some variation with regard to the shape of spores. Typicni 
s|K»res of H. lufcimm Pass, are spindle-shaped and pointed^^, and these 
Jiave been ol.)served in specimens from various localities in India, such as 
Alinora, Dharwai and Burma (Plate II, figs. 14-17), but in Pusa and Malda 
(Bengal) spceimens, the spores are somewhat curved and narrow (Plate II, 
iigs. 7-13). The spots on the surface of leaves are however alike in specimens 
co]le(*t<Hl from various localities. Though the spores in Pusa and Malda 
spiH'imens are simiewhat more curved yet in cultures the conidia are generally 
straight, sjiudle-sliaped, and very few are curved. Conidia of the fungus from 
the glumes of mah\ s])ike]ets are a little longer and more curved tlian those of 
the leaf fungus and the fungus has been named H. aimmlim Sacc. In the 
Philippimss'* it is described by tliis name but here in cultures it resembles the 
strain from tlie h?af and, when inoculated on the leaves, produces tbe same 
kind of sj>ots as the leaf strain. 

OunruRES. 

Spore germdnatioH, When a few fresh spores are placed in a hanging 
drop culture, germination takes place within few hours. Germ tubes generally 
protrude from the ends of the spore but they have also been noticed to come 
from any of the middle cells of the spore (Plate II, figs, land 3), In some 
cases the internal partition of the spore breaks down and a continuous tube is 
formed. Again, in a few cases, the septa disappear before the protrusion of 
the germ tube, while in other cases it was noticed that the septa near the ends 
only were disorganizexi (Plate II, fig. 4). Plate 11, figs. 1 and 2 6 were drawn 
after 48 and 18 hours of sowing respectively. Detached conidiophores are also 
crprmnuitiucy bv fifivins oiiD a tube from either end and have often 
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of corrosive sublimate in water (1 in 1000 c.c.) and tlim in distilled water. 
The washed piece of diseased leaf was transferred to an agar tube. This wave 
rise to an aerial growth in the tube from which a subeulture was taken giving 
rise to pure culture. 

In the beginning spores are produced laterally oji the mvcelium in a large 
number. When yoimg they appear to be sessile but after four or five hours’ 
growth they are distinctly seen on a stalk which grows in length and bears many 
more conidia. Very often,the conidia are borne at the tip of the hyphm kit 
after some time each of them becomes stalked, the stalk increases in size and 
forms two conidiophores. 

On some media gemmsedike bodies are forme.l and on some irregular 
stromatic masses, but no sclerotia or pycnidia. have ever been observed. 

Growth on different mltme medio. A large number of media were 
inoculated in duplicated with pure culture of Hehninthonporhm. .A.11 the media 
were inoculated on the same day and from the same tube. On some of the 
media the fungus was grown repeatedly to mark variations, if an\-. Tubes were 
kept for more than six months and in some cases for almost a year but no 

perfect stage of the fungus was obtained. 

The following is a detailed accoimt cf the growt h on various media 

(1) Numeni plain agar { 4.4 Fuller’s scale). 

(2) Dextrose agar (4-2 „ ,, ). 

(Z) Qlycenne agar (.f6 „ j, 

Fmioh bmn ^ar (+8 „ ). The growth is poor in all these media 

with very little aenal growth. Spore formation is scanty and spores are smaller than those 
lormea on other media. 

mLUmmhcrne agar (+6 Fuller’s scale). The growth is submerged and creeping in 
the beginning but later on a woolly aerial groivth appears. After a few days the pinkish 
medium gradually turns blue. There is a good deal of spore formation, but the size of spores 
smaller as on last medium. Spores are as small as 1 . 5/1 in length and septation is recfuced 
very much in most eases and in some cases spores are formed without any septum. Average 
ZltTres^'"'' in cliamater. Mycelium becomes gemmate in ofd 

(6 & 7) Kidmnt glucose agar (+5 Puller’s scale) and nulrieuf saccharose agar. Fairly oood 
growth of a greyish green colour. Spore formation is copious. The medium Iduallv L^coines 
greenish, then dark green on aecount of the submerged growth, and after some days still darker 
Spore formation is more copious at 20-22->C. than at 30-32“C., ant! at the later temperature 
sometimes spores of abnormal size are formed. At low temperatures growth is slow and the 

“ “* »»•'’ « w 

• ^ f . completely at 30 C., but spore formation decreases graduallv with the 

lnrd^cim“XT’ 'r’ is increased, spore formation is Ls aadmeeuersa. 

In old cultures the mycelium swells up irregularly forming gemmate. 

(8) rtocr’a hard potato agar (+6 FuUer’s scale). Copious aerial growth, the medium 
becomes greyish green. The growth is light green at 32‘>C., and dark at 22'’C. In 5 or 6 days 

Srmalionis v?v\ tiie mycelium is seen spreading on the walls of the tube. Spore 

formation is very free and spores are greenish brown in colour. Hyph* light greenish brown 
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and the submerged mycelium is green to dark green. Spore formation is more rapid at a low 

temperature. , 

(9) Potato juice agar (+6 PuUer’s scale). Growth not well deweloped. Hyphie cells 
show irregular swelling here and there. Spoi-e formation is poor. Submerged growth greenish 

and aerial greyish in appearance. 

(10) Gooih's synthetic agar (+8 Fuller’s scale). The growth is quite goad vv^ith \yoolly 
aerial mycelium of light greyish, green colour. The medium also becomes greenish, spore 
formation is copious. Mycelium later on turns gemmate. 

(11) OeUuhse agar (+9 Fuller’s scale). The growth is poor and almost submerged, of 
greyish colour. Spore formation fair. The colour of medium does not change. 

(12) Starch a^ar (+4 Fuller’s scale). Fair woolly growth, aerial hyphse arise in clusters 
and grow radially. The medium turns light green. Spore formation is good. 

(13) Oorn-meal agar (-f2 Puller’s scale). The growth is best on this medium. Copious, 
woolly, greyish green aerial growth at 30^0. The medium turns greenish and then dark green 
on account of submerged growtli. In four days at 30°C. the growth is very profuse and the 
tube is almost full, the mycelium spreading on the walls of the tube. Spore formation is very 
good especially at a low temperature at which growth is slow. Hyphie light olive green. 

(14) Oat-meal agar (4-2 Fuller’s scale). Copious woolly aerial growth of greenish grey 
colour. The medium becomes dark green near the margin. The submerged growtli is also 
greenish and then turns darker gradually. Spore formation fairly large in number and growth 
is more rapid at 30°C. than at 20-22°0. 

(15) Wheat-meal agar (4-2 Fuller’s scale). Copious aerial growth, the mycelium spreading 
on the walls of the tube and lower portion of the tube quite full. Hyplue olive green. 
Abundant spore formation, 

(16) Rice-meal agar (4-4 Fuller’s scale). Growth good, but little less than that on corn- 
meal agar. Copious spore formation. Lower portion of the tube quite full with mycelium. 
Medium turns light green. 

(17) Barley-meal agar (4-3 Fuller’s scale). Very good woolly aerial groAvth. Mycelium 
looks dark greenish and hyphie light olive green. Abundant spore formation as on rice-meal 
agar. It is one of the best media for the growth and production of s^mres. 

(18) Joioar-meal agar ( 4-2 Fuller’s scale). A good growth with abundant aerial mycelium. 
The medium gradually turns green and then dark green. Spore formation good especially 
at 20-22 ®G. Growth slow at low temperature. Spores geneiully are 60*8 to 140-6 by 19 to 
26-6/it in diameter •with 3 to 7 septa. Sometimes spores are very small and with few or no 
septnni. Those abnormal spores are not more than 60/< in length and 10-4u in breadth and 
are formed when ke|)t at a little high temperature. 

(19 & 20) Sugarcane leaf juice agar (4-4 Fuller’s scale) and rice leaf juice agar (4-3 Fuller’s 
scale). In both of these media growth is poor and submerged. Spore formation is scanty. 

(21) Maize leaf juice agar (4-3 Fuller’s scale). Fair growth with abundance of spore 
formation.' • 

(22, 23 & 24) Sterilized maize stem, sterilized sugarcane megasse and sterilized paddy straw. 
There vras a good production of spores on all, especially on sterilized maize stem and sterilized 
paddy stra-w. The cultures were kept for about 7 months in each case but there was no sign 
of the appearance of the perfect stage. 

(25) Sterilized wheat straio. A good deal of spore formation took place and greyish green 
mycelium was formed in the watet ^'t the bottom of the tube. No further growth of the fungus, 
however, took place though the tubes were kept for more than a year. 

{Note. Tubes in 22-25 were kept at two temperatures, ■yi?:., 22°0., and at room temperature 
of about 27-30‘’C. The growth was the same at both temxjeratures.) 

The growth was best on corn-meal agar, barley-meal agar, rice-meal agar, Fhaxter’s hard 
potato agar and jowar-mea\ agar respectively. 
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EpFEOT of reaction of GlTDTaRE media. 

TMs experiment was run in duplicate on glucose niediiim. Twenty tubes 
were inoculated, two of eacli reaction and ranging froiUi — 15 to +30 Fuller’s 
scale. After three days there was found to be no growth at +25 and+30 
Fuller’s scale ; very poor at +«0, and poor at +15 and— 15. It was little 
at -10 and +10, good at +5 and best at 0 Fuller’s scale. In eight day-old 
culture the growth increased at -i-lO and +5 but comparatively little took 
place at 0. From the above data it is observed that this fimgns prefers reaction 
from a neutral to an acid media ranging frcm 0 to +10 Fuller’s scale and is 
best at +5 Fuller’s scale though growth is more rapid at 0 in the beginning. 


Longevity of the spores of maize HELMixiMiospoRiTm. 

Large numbers of diseased spots of maize Uehnuithosjioriiuif, were cut and 
put in a stoppered bottle and kept for more than a year. J t was noticed that 
up to four months ninety per cent, of the spores germinated when placed in a 
drop of water and incubated in a moist chamlier, and uj) to eight months fifty 
per cent ; after eight months the spores rapidly lost their ]>o\ver of germina- 
tion, and after a year they were incapable of germinating. 'IMiis sliows that 
spores can survive long enough to infect the next crop. It is quite probable 
that tlxis fungus occurs on some wild grasses also and a .search for tlieni is being 
made. 

Relation of parasite to host. Infection and conidiophore 

PRODUCTION. 

The penetration of the fungus takes place either through stomata or by 
directly piercing an epidermal cell (Plate III, figs. 1, 2 and 3). It can penetrate 
any epidermal cell, but generally it enters through subsidiary (?ells. The 
hypha from a germinating spore comes in contact witli tlie cuticle, swells up 
and then sends out a narrow tube. This pierces tlie cuticle and niay travel 
for a distance inside the cuticle, parallel to the outer wall o f tlie epidermis, and 
after some time either enters an epidermal cell or passes thrrugli the side walls 
of two epidermal cells into the cells below. Sometimes it surrounds an epider- 
mal cell, sending in branches which fill the cavity. When penetration is 
through a cell in contact with a guard cell, it enters the siib^stomatal space, 
branching freely, and becomes septate. It passes to other cells directly or 
through two adjacent cel+walls, ic., it is both intra- and inter-cellular. The 
mycelium branches and sometimes forms a net work belo'w the epidermal 
layer. A few hyphse may enter an epidermal cell to form a stromatio mass from 
which conidiophores arise. The development of fructifications depends upon 
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the aiiioiiiit of iiioi8tui*e in the air and may take” place after 5 or 6 days of 
infection. ' 

When tlie fimgus attacks a spikelet, the glumes, palese and anthers are all 
i nfect Oil . It foDus a superficial mycelium on the surface of the glumes on which 
a good deal (d sjjure formation takes place. 


Cross-i2sOcxilatiok experiments. 

Maize was cross-inoculated on Sorghum, rice, wheat, 

oats, barley, hajra and sugarcane. The inoculation was done on leaves, and 
plants were either covered with bell-jars or placed in big glass cages where 
there was sufficient moisture. After infection took place the bell-jars or glass 
('ages \vere removed. In t^very case a control was kept. The follomng table 
shows tlm result of experiments:---' 


on Sorghum 


1 I 

'V'r. 




'No. hate 

»w>ciila« 

tioiiE 

No. „ 
infected 

, Control 

Control 

Remabks 

■1. ' '30-7-18' 

8 

4 

1 


2 ■ 0-8-18 

8 ■ 

4 

1 .. 


' 3' 5-S-lS 

9 

■ 2 

1 •• 

The leaves were wounded 

, 4 . 11-8-18 

,8 

3 

1 


o ■ 18-8-18 

■•10 ' ' 

0',, 

i •• 


6 ■ 13-8-19 

'3' . 

' 2 

1 •• 


7 10-0-20 

11 

8^ 

1 ’ 

i 

8 7-8-20 

11 

0 



9 11-12-20 

18 

|, 14 


1 The plants were kept in 





I a ■warm and moist room. 

1 

1\)TAL 

■79 

1 49 

1 ' ' .. ' 

62% 

1 
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Table III. 

Gross-immdatiom on sugareane. 


No. 

Date 

' No, of ^ 
inociila* 
tions 

1 No. 

[ infected 

1 

1 

Control 

! 

1 


f- ' 

7 I 

i 4 

1 

^ In 'most cases the inociila- 

2 

11-8-18 

. -7 

. 6 

! . 1 

‘ ted leaves were enclosed 

in a cMmnev, both ends 

3 

4 

18-S-lS 

! IS : 

10 

i 1 . 

of which were plugged 
with cotton wool so that 

13-8-19 

1 

1 20 

i 15 

1 

the inoculated portions 
, were as 'if i'n a moist 

5 

■ '29-8-19 


i 

' ^ 

1 

chamber. 


Total 

! 1 

1 

1 ■ 62 * 

t i 

40 

: 

' 64% 



Out of 62 iuoculatioiis made. lO were siieeessful. Maize Ed mi nflmsjmium 
when iiiociilateci o:u sugarcane foimed small dirty sdiaiw eolr^iireci spo wliicli 
increased in size wheii leaves \\a‘re kept moist. Tlimigii niaize Helnunthos- 
porium is capaHe of infecting sugarcane leaves (Plate HI. figs. 4 and 5), yet 
they are not identical. 

Table IV. 

OrossdnoculaMons 


No. 

Date 

No. of 
inomila- 
tions 

i . ■ No. 
infected 

Control i 

Control 

infected 

IIUMAEKS 

1 

: 11-11-19 

24 

3 

1 



2' 

25-11-19 

8 

2 

; 1- . I 

! j 



3 ' 

29-11-19 

' ^ ■ 

4 

1 



4 

" 10-6-20 

10 

3 

1 



5'' 

1 ■ 7-8-20' ^ 

11 

3 

■ 1 

1 ■■ L 



Total 

■ 61 , ■ 

15 


"■ ^ ; '24%. ■ ■ 


Maize Helmmtkospomim when inoculated on rice infects very few of tliC 
leaves and in these also the fungus after entering spreads very little and a spot 
is formed very rarely. Of 61 inoculations made, infection took place only in 
16, and out of these 15 very few formed spots with eonidiophores and spores. 
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Tlie above table shows a low proj^ortion of successful infection and in these 
eases penetration was slight. Eice may almost be considered to resist the 
attack of maize Helmmthospormm though sometimes spots are formed under 
laboratory conditions. 

Table V. 


Oro8s-%nocidations on bajra. 



Date 

No. of 
inocula- 
tions 

No. 

infected 

Control 

Control 

infected 

Remarks 

1 

29-ll~19i 

s 

j 

20 

1 

1 

1 


0% 


No infection on this plant took place. 


Table VI. 


Oross-inocidations on wheat. 


No, 

Date 

No. of 
inocula- 
tions 
on leaves 

No. of 
leaves 
infected 

No. of 
inocula- 
tions 
on ears 

No. of 
ears 
infected 

Control 

Control 

infected 

Remarks 

1 

10-1-20 

12 

12 



1 



' 2 

31-1-20 

7 

4 

•• 

•• 

1 

•• 


3 ^ 

6-2-20 

10 

10 


“ 

1 

•• 


4 

'3-2-21 

12 

9 

5 

5 

1 

■ 


The leaves and ears 
of same plants were 
inoculated. 


Total 

41 

35 

5 

5 - 

•• 


87% 


Helmintliosporm can infect wheat easily. Out of 46 inoculations 
made, 40 were successful. The infected leaves became straw-coloured and the 
spots gradually increased in size and ultimately killed the leaves. A good 
deal of spore formation took place on leaves and on the ears inoculated. 
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Vross-itioeidatmis on harle 


ilaizo IleJmlnthospor'onn can iiifeet barley but 
vigorous as that oti wli<*at. Out of 15 ijiocailation^^ 
were foriucMl on bcEii sides of tlie leaves iiioeiilated 


C‘ross4nomdation6 on oats, 


Out of 53 inoculations made, 27 were successful. Tlie infected spots 
gradually increased in size and spore formation took place. Sometimes no 
infection took place as on tHose inoculated on 19tli January. 1920. 

The above cross-inoculation experiments show that maize Helminikos- 
porkm can infect most of the cereals and sugarcane when inoculated artificially 


' No. 

infected 

lions 

f 

t , Cnntr<>l ' 

; infected ; 

, 1 '1 

1 ■■■■ 

10 i 5 

1 i .. 

11 9 

1 . . ■ ' : 

S 2 

i 1 r ... : ■ ■ 

16 , 6 

1 . i 

4a 22 

■ 1 .. ' ■! 


No. 

Date 

No. of 
iiiociila- 
1 tioiis 

No. 

infected 

Control 


1 

19-l>-20 

8 

i 

0 

1 

.... 

2 

■ 215-1-20 

12 

9 

1 


3 

: 6-2-20 

12 

9 

1 


4 

11-4-20 

8 

6 

1 


5 

3-2-20 

13 

3 

1 

.. 


Total 

( 53 

^ 27. ■ ■ 1 
1 

, 1 

j 
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ill the laboraturyj hqjm is altogether immune and rice is affected very little 
They folio wiiig is a summary of the results of inoGulations 

Maize 01% Sugarcane 64% Jowav 62% 

W!ieat 87% Oats ol% Barley 48% 

'Bajta 0% Rice 24% 

S* Melmintbosporium on Jowar (Sorghum vulgare). 

J otmr HehHdHihospormm has been collected from very few places in India 
and observed only in the Punjab (Amritsar and Lyallpur). The damage done 
by this fungus to the crop is very slight, Mcrphologically tlie fungus is 
identical with that on maize but it must be a cifferent strain or variety as 
indicated by the eiiltiiral characters. Besides it has been observed in Bihar 
that this fungus is common on maize but absent onjouw 
HelwiHt]K)S}X)yimn.]\mhe^^^ found on jWw and not on maize. In Biliar very 
often maize and jo?mr are grown as a mixed crop, and the leaves of maize are 
found to be diseased but not those o{ jowar . But when maize Helminthos- 
pori/mn m cross-inociilated on jotvar in the laboratory j infecticn takes place, 
.ill these points, together with, the diference in cultural characters, indicate 
that Helmmtkospork(M on joimr is a different strain or variety of H. iufcicmri 
Pass. . ■ , . ■ ' , : ■ . 

This fungus has been reported from other coimtriest, me., Egypt, China, 
etc., where it is not very common or injurious to this host. 

There are also other species of Eelnwntliosporiimi known on this host, 
such as H. OooUe Sacc.^, H, SorgJii Schw.^, ^ and H. genimlatum E. and 
T.^, and lastly H, meonspiemn 0. and E. which is probably the same as 
Juracim Pass. 

The symptoms op the disease. 

The fungus is foimd on leaves only and forms long, narrow spots of dirty 
brown or straw colour (Plate I, fig. 3). The spots are marked from the healthy 
tissue by a reddish ring. Generally infection takes place from the tip and 
extendvs downward either along the margin or along the midrib. Very often 
two or more spots are formed along the edge and these coalesce and form 
into one. Sometimes long elliptical or elongated spots are formed on the blade 
of the leaf. If these are in large number, they unite and form ‘one irreguiar 
'■'spot. ■ ' 

^ Butler, E. J. “Fungi and Disease in Plants/’ 1918. 

2 Saccardo. Sylloge Fungonim, voL lY, pp. 420 and 42B. 

^ Rabenhorst. Kry^jtogamen Flora, vol. 1>C, pp. 87 and 909. 

Palm Bj. “ De Belminthosporiuni Ziekten/’ p. 16. Dept, Landb. ISfifv. en Handel, 
Meded. Lab, PlantenzieJcten , no, 31 (1918). Ecnige Ziekten, Waargenomen aan d© tarrae 
■■■op ■■"Java. ■ 
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Etiology OP THE DISEASE. 

The parasitic nature of the fungus was proved by the following 
experiments. 


Table IX? 

InocuMiom on the leaves o/ jowar with Helmiuthosporium isolated from the 

Mseased ha/ves oj jowar. 


No. 

Date 

No. of 
inocula- 
tions 

No. 

infected 

Control 

Control 

infected 

Rbmarks 

1 

19-11-19 

■ 24 

19 

9 



2 

24-11-19 

9 

9 

1 

.. 


3 

30-1-20 

6 

6 

1 

.. 


4 ! 

21-5-20 1 

19 

11 

■ 1 ! 



5 

10-6-20 

18 i 

1 

14 

1 ; 

; ■ i 

•• 

1 Eeisolated from No. 4 and 

1 inoculated. 

6 

. 7-8-20 

10 i 

10 

: ^ ■ 1 

.. 

i 

7 

11-12-20 

11 

8 

!■ 

\ 

t 

I 

: 


1 Plants kept in a moist 
I' warm room. 


Total 

1 

97 

1 

! 

1 77 


•• 

: 79% 

1 


When joivar Edmintliospormm is inoculated on jaum the spots formed 
are typical and resemble those found in nature. The fungus was reisolated 
from an inoculated spotj taken into culture and again inoculated and the 
same symptoms and results were obtained. This proves the parasitic nature 
of the fungus. 

Morphology of the parasite. 

The mycelium of this fungus is found in the matrix of the infected portion 
of the leaf. It is present also in the vessels of xylem. Very often they form 
stromatic masses in the epidermal cells. 

Conidia are formed on both sides of the spot and comcliophores arise >singly 
or in cluster of three or more emerging from stomata (Plate III^ figs. 12“16). 
Conidia are 57 to 136 by 19 to 26iu, in diameter (Plate III, figs. 7~11). Jowr 
Helminthos'porkim resembles more the Helminth^^ on maize from 

Burma, Almora and Dharwar than that from Pusa and Malcla. The spores 
of jowar Helminihospofium are straight, spindle-shaped and resemble those on 
maize from Burma, Almora and Dharw^ar, but spores from Pusa specimens are 
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a little curved and narrower and so differ somewhat from j'owar Hdminthos- 
porixni and maize Helmiwthosporiim from Burma, Almora and Dharwar. The 
external characters, i.e., spot formation and colour, etc., in Burma, Almora, 
Dharwar, Pusa and Malda specimens are -the same, but in culture Pusa maize 
HelmmtJmsporiim has spores which are not so curved. 

Conidiophores on jowar are more straight and bent at the tip but in tie 
case of maize some are straight while others bent in a zig-zag manner. Maize 
conidiophores are slender and longer wliile those on jmvar are thicker. 

Cultures. 

A careful search was made in Pusa and in the neighbouring places in 
50l8--jrbiit no Rdmlnthospomm was found on this host. Later on it was 
obtained from the leaves of jmar from the Punjab (^nrilsar 
where this fungus is generally found after the rams. The culture was tak-n 

as in the case of maize fungus. _ ^ 

Spore germination is like that of maize Helmmthosparmm and needs no 

Tk. c*a..d on 

number of culture media, and in many oases this fungus and maize 

Lg™ cm gro^ mil on moot of the modi, toed and i«odnc« a togenembei 

* TiT’ fnngue leeemblee inaia. in most rmpeote TOe 

,0 Jton of "conidia on conidiophores and to other detad. ™ ‘ ^ 

those of maize HdmMlmporiu,,,. Thongh this fnngns resembles to one 

.'neize in to “ 

lendency to produce mo» o “ “ * ^ ^ otPer hand, this fungra 

o.» of .rmize there rs a good f;* , ond someiime. to spore 

jSiorfi—'S rr— of to myoehnm are aimo. ...d 

with very little aerial groTvth. The growth 122 5 by 17’3 to 22‘7/x while those 

deal of spore formation. Conidia on this ' go 126 by 15*8 to 22*7 jit in diameter. 

of mMze Helminthos^^^^ much that of maize 

2. FrencJi bean agar. The giow ■ ^ .barker The growth at 80®0. is more than 

that at 20-22°C. is a good deal of spore ^ Later ou 

3. Wheal-meal agar. The growth is jj jg fonned at30-32‘’C. lu case ot 

.^merged and creeping dark greyish green myeelinm is ^ 



t of 
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maize Belminthosporiuni the colour is light greyish green hut here it is dark, greyish green and, 
moreover aerial growtiv is, absent. . Alter some time little" aerial gr«:>wth, appears hut still the.' 
growth is darker than that of maize. Spore and myeeliiim resemble somewhat maize 
Helminthospormn. About 50 per cent, of jo«a«r spores resembles tire maize fungus but the 
remaining spore percentage is somewhat broader. The number of septa is the same in both. 

4. Jowar-meal ay<o\ There is a creeping and submerged growtli of light greenish coituir 
at 30® G., and crowded and compact at 22®C. The colour of medium })Ccomes similar to maize 
fungus but afterwards it becomes dark green. After 10 or 12 days little aerial growth of dark 
greyish green colour appears. Spore formation is good, 

5. LiiMm lactose agar. The growth is poor and dark and greyish green, submergeti and 
creeping in the beginning. The submerged portion becomes dark. Tarter on a little aerial 
growth appears. The growth on this medium is exactly like that »>f maize Hdminthospormm 
on it. Spores are 45*0 to 05 by 15*2 to 22'8/i in diameter. I'he spores and mycelium resemble 
maize Helminthosporlum on this medium, the size, form and colour being alike. 

B. Coon's syntlielic agar. Fairly good at 30--32'X‘. of dark green colour. The growth 
resembles to some extent maize Hehnmfhosporium on this medium. The f ungus is more dark 
green at 22®0. Spore formation poor and the old mycelium b(?comes gemmate. The mycelium 
is darker than that of maize Hdminfkospm'mm, 

7. Corn-mml agar. Growrth dark greyish green at 22®0., and light at 32‘C. Submerged 
growth is greenish and there is no aerial growth Later on little aculal growth appears which 
is very much like that of maize and of greenish grey colour. The mycelium and spores resemble 
those of maize i/elwf/rt/wapormw. After 10 or 12 days maize and jotvar cultures resemble very 
much on this medium. Spores and mycelium almost alike and spore formation more at a 
low temperature of 20 to 22®C. than at 30-32®C. Spores are 80*5 t«> 122*5 by 15*8 to 21/a in 
diameter while those of ma^ize HelmmtJiosporium are 77 to 122 by !5*vS to 10/a, 

8. Oat-meal agar. Bark creeping growth at both temperatures but little more at 32°C, 
After some days growth appears dark greyish green, creeping and submerged. Spore formation 
is good. The mycelium resemblas that of maize HelmrtrtAosporfwm. On this medium the 
aerial growth is comparatively smaller, 

9. Nutrient saccharose agar. Creeping and submerged grow'th of dark grey colour with 
little aerial growth and poor spore formation. 

10. Thaxter's hard potato agar. Dark green, submerged and creeping, resembling the 
growth of maize Belminthosporimi but there Is no aerial growth. After some time little aerial 
growth appears. Spore formation resembles that of Eehmnikosporiwii on maize. 

1 1. Wheat straw. Wheat straw "was sterilized inordinary tubes containing little water. 
The fungus was grown on it and the tubes were kept at 27~30®C., and sotne at 22°C. There 
was a good production of spores on it. The growth was like that of maize, but in the latter 
case more spores were formed. In these, there was no good aerial growth. Greyish green 
mycelium was formed at the bottom of the tube in water. 

From the lesiilts of inoculation exiierimeiits and from cultural characters 
this fungus appears to be very closely related to or identical with Eelminthos- 
porium oa mdze, but the fact that in one place it occurs on one host and net 
on the other, makes one to consider them as two diflerent varieties of H.timicum 
Pass. 

CrOSS-INOCDLATION EXPERIMENTS. 

The following eross-inoculations were made with jowar Helminthosporimn 
on the same hosts on which maize HehninthospoHum was inoculated and in 
the same manner. 
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, 

No. 

Bate 

No. of 
inocula- 
tions 

No. 

infected 

Control 

Control 

infected 

Remaeks 

1 

29-11-19 

8 

5 

1 



' ' 2 

30-1-20 

10 

6 

1 



3 

21-5-20 

10 

4 

1 



4 

10-6-20 

14 

10 

1 


i 

d 

7-8-20 

10 

5 

1 


' 

' 

6 

1 11-12-20 

10 

•• 

1 




Total 

62 

30 


.. 

48% 


Forty-eight per cent, of inoculated maize were infected and produced 
spots which resembled very much the spots formed by the maize Eelminthos- 
poriwn on maize. It appears that maize HelmintJiosforkm and jowar 
HelmintJiosponum are the same, but with slight differences in cultural 
characters and in the form of spores. 

Table XL 

Ckoss-imculations on sugarcane. 




Control 

infected 


BiUMABKS 


Control 


No infection took place 
jirobably on account ot 
low temperatures i^re- 
vailing at the time. 


Forty per cent, of inoculated sugarcane leaves were infected, Tke spots 
formed were small, oval and, later on, dirty brown with brownish rings. They 
gradually increase in size, more in the longitudinal direction, and produce 
conidia and conidiophores which have normal character. 


i 

No. 

Date 

No, of 
inocula- 
tions 

No. 

infected 

1 

29-11-19 

10 

8 

2 

11-12-20 

10 

■•"""O' 


Total 

20 

1 

8 
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Tabde XIL 


oif bajra. 


No. : 

I 

1 

Date 

i , ' 1 

No. of : 
iaoculations ; 

No. of : 
.successful i 
inoculations 

Oontrol 

Coiitrol 

infected 

Remaeks,, 

1 1 

! 

j 


20 

1 0 

1 : 

1 ‘ 


0% 


No ijifection took place. It may he iiieutioned liere tliat oiaize Hdm.m- 
thosporlffiH' also had !io elTect 031 bajra. 

Table XIIL 


Cnm-i HOC a I alio h a 0 a paddy , 


No. 

Date 

1 No. of 
' inoculations 

No, of 
successful 
iuocuiat-ions 

Control 

<Jontro! 

infeeteti. 

IC'KMA.IiK.S 

1 

29-11-19 

10 

2 ■ 

1 



2 

2O-0-2O 

10 ; 

2 ■' 

1 



3 

7-8-20 

10 

0 

1 




Total 

30 

4 y .. ' 


."13% 


Out of 30 inoculations made, 4 were infected and these also showed simply 
penetration and very little spreading in the tissue of rice leaves, /fhe growth 
ceases soon and tliere is no spore formation. Maize Hehmatlimporiam also 
behaves like tliis on paddy. 


Table XIV. 

Gm$s4moulakom on ttheaL 
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Sixty-nine per cent, of wheat plants were infected when inoculated. The 
fungus penetrated and at the point of infection the leaves withered and broke. 
There was spore formation on both sides of leaves. 

Table XV. 


Gross-in-ocidcUiom on barley. 


No. 

Date 

No. of 
inocuiations 

No. of 
successful 
inoculations 

Control 

Control 

infected 

RSjmarks 

i 

7-4-20 

15 

5 

1 

1 ■ • • i 


2 

3-2-21 ’ 

^ 12 . 

5 

■I-.' 

•• 



j Total 

27 ! 

i 

10 


•• 

37% 


Jowar Helmiitthosporium can infect barley leaves but the infection is not 
vigorous. The spots formed stop growing after sometime and spore formation 
is not plentiful. 

Table XVI. 

Grosa-inomlatims on oats. 


i 

No. ^ 

Date 

i No. of 
inoculations 

No. of 
successful 
inoculations 

Control 

Control 

infected 

Bemarks 

1 

6-2-20 

12 

8 

1 

•• 


2 

7-4-20 

10 

3 

1 

•* 


3 

, ,3-2-21 

12 

1 

^ i 

1 

•• 



Total 

^ 34' ' 

14 

j 

•V 

41% 


As in the case of barley, on oats also infection is* not vigorous and the 
fungus stops glowing in the tissue after some time. 

These experiments show that jowar Helminthosporium can infect— 

Jowar 79% Maize 48% Sugarcane 40% 

Wheat 69% Oats 41% Barley 37% 

Bice 13% Bajra 0% 

From the above figures it will appear that about 60 per cent or more 
infection takes place on wheat and maize, and m the case of sugarcane, oats 
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and barley about 40 per ceat* Jowar Hdmintkospmium hm very little effect 
oa rice, and bajm is immune to its attack* 

4, Summary. 

1. Helmmthosjmiim is found on almost all cereals and sugarcane in 
India. The present paper deals with species on Zea Mays (maize) and Sorghum 
rndgare )jowar). 

2. H, lurcieum Pass, on maize and jowar is morphologically identical. 

Both strains show some difference in culture^ and it has been observed that in 
Bihar is found only on maize and iu»t on jouw, while in the 

Punjab it is recorded only on jowar. It is these two facts that lead the writer 
to believe that the fungus on jowar is a different sirain from that ou maize. 

8, H. Pass, on maize is found in almost all countries where maize 

is grown ml in Bihar it is one of the imp(3rtant diseases of this crop. The 
fungus is found both on leaves and on male inflorescence and its parasitic nature 
is proved by inoculation experiments on both hosts. 

4. H. turcimm Pass, can be grown on a large number of media but the 
perfect stage of this fungus has not been observed on any of the media. The 
fungus prefers a reaction of 0 to +5 Fuller’s scale. 

5. The infection takes place either through a stoma or by piercing the 
cuticle and entering the cell below. 

6. Gross-moculation experiments show that both the strains of Helmin- 
thosporium onimizo and on jotmr can infect maize, jmcar, wheat, barley, oats 
and sugarcane. The inoculations on hajra give negative results and those 
on rice were doubtful. 
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